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ABSTRACT 


This document presents the basic test data obtained during 
the Lift-Propulsive Force Limit Wind Tunnel Test conducted 
during 1976 at the Boeing Vertol Wind Tunnel. Included are 
the rotor control positions, blade loads and six components 
of rotor force and moment ^corrected for hub tares. Per- 
formance and blade loads are presented as the rotor lift 
limit is approached at fixed levels of rotor propulsive 
force coefficients and rotor tip speeds. Performance and 
blade load trends are presented for fixed levels of rotor 
lift coefficient as propulsive force is increased to the 
maximum obtainable by the model rotor. Test data is also 
included that defines the effect of stall proximity on 
rotor control power. This test data is presented in Volume II and 
III and the analysis of the data is presented in Volume I. 



FOREWORD 


This report was prepared by the Boeing Vertol Company 
for the National Aeronautics and Space Administration, 

Langley Research Center, under NASA contract NASl-14317. 

It presents the test data and analysis from the Lift- 
Propulsive Force Limit Wind TUnnel Test. The analysis of 
the data establishes the useful flight envelope and the 
characteristics of a conventional rotor in high speed 
flight. The results are presented in three volumes. 

-1 Wind Tunnel Investigation of Rotor Lift and 
Propulsive Force Limits at High Speed - 
- Data Analysis - 

-2 & -3 Wind Tunnel Investigation of Rotor Lift 

and Propulsive Force Limits at High Speed - 
- Test Data Appendix - 

Mr. J. L. Jenkins (NASA Langley) was the technical monitor for 
this work. 

The Boeing Vertol Program Manager was F. J. McHugh and was 
assisted in the testing, data presentation and report prepara- 
tion by Ross Clark, Aerodynamics Tech. Rep. 
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NOMENCLATURE 


Symbol 

Definition 

Units 

A 

Rotor Area (irR^) 

m2 (ft2) 

Al, 

1st Harmonic Longitudinal Flapping 
Angle 

rad (deg) 

Al 

Lateral Cyclic (-0 at = 0®) 

rad (deg) 

Bl, 1^1 

1st Harmonic Lateral Flapping Angle 

rad (deg) 


Longitudinal Cyclic" (-0 at ^ = 90®) 

rad (deg) 

CB12 

Alternating Root Chord Bending 
Moment at 12% Blade Radius (P+P)/2 

kg-m (in-lb) 

CB53 

Alternating Mid Span Chord Bending 
Moment at 53% Blade Radius (p+p)/2 

kg-m (in-lb) 

CDE/SB 

Rotor Effective Drag Coefficient = 
DE/pAVtip^cj 


CH/SB 

Rotor Longitudinal Force Coefficient = 
hforce/pavtip^o 

~ 

CPMB 

Rotor Pitching Moment = PM/pAV^jp^R 


CP/SB 

Rotor Power Coefficient = Q/pAVtip^Ro 


CRMB 

Rotor Rolling Moment Coefficient = 
RM/pAVtip^R 


CT ' /SB 

Rotor Lift Coefficient = L/pAVtiP^o 


CX/SB 

Rotor Propulsive Force Coefficient = 
X/pAVtiP^o 


CY/SB 

Rotor Side Force Coefficient = 
S . F. /pAVtiP^ct 


FB12 

Alternating Root Flap Bending at 12% 
Blade Radius (P+P)/2 

kg-m (in- lb) 

FB22 

Alternating Inboard Flap Bending 
Moment at 22% Blade Radius (P+P)/2 

kg-m (in- lb) 
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Symbol 

Definition 

Units 

FB48 

Alternating Mid Span Flap Bending 
Moment at 48% Blade Radius (P+P)/2 

kg-m (in- lb) 

FB79 

Alternating Outboard Flap Bending 
Moment at 79% Blade Radius (P+P)/2 

kg-m (in-lb) 

pm: 

Hub Pitching Moment 

m-kg (f t-lb) 

Q 

Rotor Torque 

kg-m (Ib-f t) 

R 

Rotor Radius 

m(f t) 

RM 

Hub Rolling Moment 

m-kg (f t-lb) 

SF 

Rotor Side Force 

kg (lb) 

T 

Rotor Thrust 

kg (lb) 

TB12 

Alternating Root Torsion at 12% 
Blade Radius = (P+P)/2 

kg-m (in-lb) 

TB20 

Alternating Inboard Torsion at 
20% Blade Radius = (P+P)/2 

kg-m (in- lb) 

TB51 

Alternating Mid Span Torsion at 
51% Blade Radius = (P+P)/2 

kg-m (in- lb) 

TB81 

Alternating Outboard Torsion at 
81% Blade Radius = (P+P)/2 

kg-m (in-lb) 

V 

Tunnel Velocity 

m/s (ft/s) 

vtip 

Rotor Tipspeed 

m/s (ft/s) 

X 

Rotor X Force 

kg (lb) 

“s 

Shaft Angle of Attack 

rad (deg) 

e 

Collective Pitch 

rad (deg) 

V 

Advance Ratio = V/Vipjp 
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Symbol 


Definition 


Units 


Tunnel Density 
Rotor Solidity 


N/m^ (slugs/ft^) 


be/ itR 
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TABLE 5.1 RUN LOG (continued) 


TYPE OF 
TESTING 

■ 

ROTOR 

TIP 

SPEED 

Vt 

ADVANCE 

RATIO 

y 

ROTOR 

LIFT 

COEFF. 

C|/a 

ROTOR 

PROPULSIVE 
FORCE COEFF 
X/qd*a 

TUNNEL 

SPEED 

V 

COtWENTS 

BASELINE ROTOR 
CHARACTERISTICS 

219 

Range 



0 

For y 

Blade Frequency Check 

CHECK AND 

VERIFICATION 

RUNS 

221 

222 

224 

225 

226 
227 

620 FPS 

.53 

.50 

.50 

.45 

Range 

.05 

.05 

.05 

.05 

.05 

.05 

328 

310 FPS 
310 FPS 
279 FPS 

These runs were made to 
verify that the rotor 
performance or Part 1 and 
Part 2 were consistent and 
did not include any model 
fouling 

LIFT LIMIT 
TESTING 

228 

245 

246 
249 

620 FPS 

.57 

Range 

.05 

.025 

.025 

.10 

353 FPS 

Cruise performance and 
lift limits at baseline 
rotor tip speed 

229 

248 

620 FPS 

.61 

Range 

.05 

.075 

378 FPS 

250 

251 

252 

253 

570 FPS 

.40 

.45 

.50 

.53 

Range 

.05 

228 FPS 
256 FPS 
285 FPS 
302 FPS 

Cruise performance and 
lift limits at reduced 
rotor tip speed to define 
effect of advancting tip 
Mach number 

256 
255 
254 

257 

258 

259 

260 

570 FPS 

.40 

.45 

.50 

.53 

.57 

.61 

.64 

Range 

.05 

228 FPS 
256 FPS 
285 FPS 
302 FPS 
325 FPS 
348 FPS 
368 FPS 

PROPULSIVE 
FORCE LIMIT 
TESTING 

m 

620 FPS 

.40 

.06 

.09 

Range 

248 FPS 

Cruise performance and 
propulsive force limits 


620 FPS 

.45 

.06 

.076 

Range 

279 FPS 

qu Uabc I 1 lie Lip dpecu 

232 

233 

234 

235 

620 FPS 

. .50 


Range 

311 FPS 
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6.0 TEST DATA OPERATION 


As defined in Section 5, the overall program objective was to 
define the performance characteristics of a conventional heli- 
copter rotor in high speed forward flight. Six specific test 
objectives were presented in Section 5.3, in order of priority, 
and will be discussed in the following sections. Additional 
areas of test data analysis are included that examine the rotor 
operation in and out of stall, siammarize the model performance 
and indicate the importance of drag cleanup, correlate theory 
and test data and show the impact of reduced torsional stiffness. 

For the testing and data analysis, the primary rotor tip speed 
is 620 ft/sec (189 m/sec) and a propulsive requirement defined 
in coefficient form is X/qd^a = 0.05 which is representative of 
an advanced helicopter level of drag cleanup. Variation in 
propulsive force and rotor tip speed are examined to show the 
impact on the basic trends defined. 
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Having demonstrated an aerodynamic limit in lift, it is neces- 
sary to examine the blade loads to insure that a load limit has 
not been reached or exceeded. The most critical load is alter- 
nating blade root torsion, therefore, the corresponding variation 
of alternating blade root torsion load with rotor lift coefficient 
must be monitored at the same time to insure that the limit of 
50 in. lb. was not exceeded. Figure 6.1.2 presents this variation 
but the maximum load indicated was approximately 60 percent of 
the limit. Since the lift was not limited by loads and we reached 
an aerodynamic limitation there was obviously no control system 
limitation for this case. There were only a few cases where 
longitudinal and lateral cyclic capability limited the testing 
and there were no limitations imposed on the testing by blade 
loads . 

A summary of the rotor lift limit for the basic propulsive force 
coefficient of 0.05 is presented in Figure 6.1.3 from hover 
(y = 0.0) to 225 knots (y = 0.61). The lift limit shown at 
y = 0.0 was defined by the maximum collective pitch attainable 
with the noimial length pitch links. For the high speed testing 
a set of long pitch links were used but no hover data was obtained 
with them. The trend of lift limit with advance ratio is approxi- 
mately linear up to a y = 0.35, beyond this value the lift de- 
creases rapidly to a Cjy/o of 0.098 at y = 0.45. From y = 0.45 
to 0.50 the lift limit rises rapidly and levels off at a value 
of Cj>/o = 0.112 out to y = 0.53. After this advance ratio the 
lift limit drops to Cj^/o of 0.072 at 225 knots (y = 0.63). The 
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rotor lift between an advance ratio of 0.50 and 0.53 as shown 
below. 

SECTION LI FT AND DRAG AT m = 0.50 




Also the reverse flow region is reduced significantly by the 
increased shaft angle, thereby producing a smaller degradation 
at high advance ratio than anticipated. Beyond an advance 
ratio of 0.53 the dynamic pressure and working blade area con- 
tinue to increase in reverse flow. There is also a change in 
angle of attack produced by the increase in collective and 
longitudinal cyclic with advance ratio. The combined change 
in angle of attack dynamic pressure and blade area in reverse 
flow could result in both lift and drag acting in a direction 
that reduces lift, or the drag produces a significantly large 
component of negative rotor lift and offsets the positive con- 
tribution of local lift. 

To provide some insight into the stall impact on the lift and 

the change in characteristics with advance ratio, an examination 
of the flap bending and torsion loads in Figures 6.2.15 through 
6.2.22 were combined to provide a qualitative assessment of the 
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is increased up toward the limit, the lift is increased in the 
inboard forward portion of the rotor and on the outboard aft 
portion of the rotor. The amount of negative lift generated 
on the inboard portion of the rotor appears to increase as 
indicated by the torsion and flap bending loads. On the out- 
board region of the rotor that had negative, lift becomes 
smaller. Although qualitative, the lift distributions indicated 
would produce blade deflections that were representative of 
those observed visually during the testing. 

As shown in Figure 6.1.1 the effect of propulsive force on the 
lift limit was also defined by the testing at advance ratios of 
0.40 and above. A siammary of the lift limit at propulsive force 
coefficients (X/qd^a) of 0.025, 0.10 and 0.20 is presented in 
Figure 6.1.6 and compared with the basic lift limit shown in 
Figure 6.1.3. Reducing the X/qd^a to 0.025 resulted in no change 
between y = 0.40 and 0.50 but there was an increase in lift limit 
{C^/a) of 0.008 at an advance ratio of 0.53. Increasing X/qd^a 
from 0.05 to 0.10 resulted in a decrease in lift limit (C^/ct) of 
0.01 between y = 0.40 to 0.50 and the decrement in lift limit 
(C^/a) increases to 0.03 beyond an advance ratio of 0.50 Similar 
changes were established when the propulsive force coefficient 
was increased from 0.10 to 0.20. 

To define the propulsive force limit, a sweep in propulsive force 
coefficient was made at a fixed level of rotor lift coefficient. 
As discussed previously in Section 5.2, the propulsive force was 
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The lift limits that were defined in Figure 6.1.6 can also be 
presented as an operational envelope of rotor lift and rotor 
propulsive force coefficient. This has been done in Figure 6.1.10 
and the restriction imposed by an advance ratio of 0.45 is 
almost as severe as operating at an advance ratio of 0.61. 

Further study of all the data at an advance ratio of 0.45 is 
required to determine the cause of reduced capability. 

The maximum lift obtained at specific level of propulsive force 
or the maximum propulsive force obtained at fixed levels of 
rotor lift combine to establish a restriction on the opera- 
tional capability of the model rotor system. This in essence 
is the combination of Figures 6.1.10 and 6.1.9 into an overall 
operational envelope and is presented in Figure 6.1.11. 

Superimponsed on Figure 6.1.11 is an equivalent flat plate 
drag area loading GW/fe = 1500 Ib/ft^ , a drag level representa- 
tive of an advanced helicopter. This established the flight 
envelope for the model rotor system and specifies that the 
rotor can operate at a rotor lift coefficient C,J,/a = 0.10 up 
to an advance ratio of 0.57 or 210 knots. Flight at an advance 
ratio of 0.61 or 225 knots can be achieved when operating at a 
C,p/a = 0.08. This answers the repeatedly asked question - 
can the conventional rotor operate at useful lift levels in 
high speed forward flight without auxiliary lift or auxiliary 
propulsion? - with a firm YES. 
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ROTOR LIFT COEFFICIENT 



ALTERNATING BLADE ROOT TORSION 


FIGURE 6.1.2 lift LIMIT NOT DEFINED BY BLADE LOADS 
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FIGURE 6.1.4 


LIFT DISTRIBUTION ESTIMATED FROM TORSION LOADS 
AT y = 0.20 AND X/qd^a = 0.05 
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FIGURE 6. 1.8 PROPULSIVE FORCE LIMIT NOT DEFINED BY AERODYNAMICS 
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FIGURE 6.1.10 LIFT-PROPULSIVE FORCE ENVELOPE AT THE LIFT LIMIT 
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6.2 Blade Load Growth Approaching Limits 

Test Objective 2: Establish the blade load growth as the 

lift approaches the limit 

Before discussing the load characteristics, it is necessary to 
establish the blade frequency trends with RPM to insure that 
there are no critical resonances at the operating conditions. 

The frequency spectrum for the model rotor blade, as shown in 
Figure 6. 2.1^ was obtained from an RPM sweep at an advance ratio 
of 0.20 and a rotor lift coefficient of 0.10. The first torsion 
mode and six per rev coalesce at 2100 RPM and the third flap 
mode and seven per rev also coalesce at 2100 RPM, but normal 
operation at the basic tip speed of 620 ft/sec is at 2005 RPM. 

This is sufficiently removed from the resonances to avoid severe 
load amplification. At the alternate tip speed of 570 f t/sec , a 
rotor speed of 1840 RPM, there is a coalescence of the second 
chord mode with the eight per rev but this is not a critical 
resonance condition. 

The loads of torsion, flap and chord bending were measured at 
ten locations on the blade as described in Section 3.3, presented 
in Appendix A and summarized in Figures 6.2.2 through 6.2.4. 

Of these loads, torsion was the load to be monitored most cri- 
tically since it indicates the presence of stall and had the 
smallest margin with the anticipated loads. A summary of the 
alternating blade root torsion loads are presented in Figure 6.2.2 
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increasing lift is very gradual but for the lift limit, shown 
in the upper part of the figure, there is an increase in load 
occurring outboard on the blade. Similar trends are exhibited 
for an advance ratio of 0.20 as shown in Figure 6.2.6 but the 
magnitude increases. At an advance ratio of 0.40, a typical load 
variation is shown for the outboard 20 percent of blade (r/R = 

0.80 to 1.00) in Figure 6.2.7. The distinct difference in the 
distribution at y = 0.4 with that at y = 0.20 or 0.0 is demon- 
strated by the uniform increase in the alternating torsion load 
from the outboard station, r/R = 0.80 to the point where the blade 
ends r/R = 0.20. This may result from the direct trade in section 
pitching moment coefficient with section dynamic pressure. Figure 
6.2.8 presents the radial distribution for an advance ratio of 
0.50. Trends for the outboard half of the blade were similar to 
that shown for y = 0.40 with an increase in magnitude. The load 
growth between r/R = 0.50 to 0.20 is twice as great as that pre- 
sented for r/R = 0.80 to 0.50 which appears to be the impact of 
the increased forward speed on the inboard portion of the blade 
either on the advancing or retreating blade. Figure 6.2.9 pre- 
sents the data for an advance ratio of 0.57 and the trends shown 
are similar to those for y = 0.50. 

To better understand the load growth with lift, the blade root 
torsion waveforms have been superimposed on the alternating root 
torsion loads of Figure 6.2.2 for the same advance ratios of 
Figures 6.2.5 to 6.2.9. Figure 6.2.10 presents the loads and 
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torsion load at 240 degrees rotor azimuth/ indicating conventional 
tip stall, and a sharp decrease in nose down load at 300 degrees 
rotor azimuth possibly reflecting more negative stall. 

As the advance ratio is increased to 0.50, the blade torsion 
load becomes even positive at 300 degrees of rotor azimuth for 
rotor lift coefficients as low as 0.060, as established in 
Figure 6.2.13. As C^/a is increased to 0.095 the magnitude of 
the root torsion load at a rotor azimuth of 300 degrees becomes 
more positive while the load at an azimuth angle (il^) of 150 
degrees becomes more negative. At the rotor lift limit (Cip/a= 
0.11) the positive load at = 300 degrees becomes more positive 
while there has developed an apparent region of stall near a 
rotor azimuth of 150 degrees and 240 degrees. For an advance 
ratio of 0.57 the alternating blade root torsion load and also 
the wave forms are presented in Figure 6.2.14. There is a large 
nose up load even at a low rotor lift coefficient of 0.060 and 
is significantly greater than that shown in Figure 6.2.13 for an 
advance ratio of 0.50. As the lift is increased to 0.087 there 
is the apparent stall region, defined by the two peaks in nose 
down load at a rotor azimuth of 150 degrees and 240 degrees. 

The load at 300 degrees rotor azimuth becomes a significantly 
large nose up load. 

The discussion has presented the radial distribution of the alter- 
nating load measured around the azimuth or the azimuthal distri- 
bution of the alternating blade root torsion load. In an effort 
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Referring back to Figure 6.2.2 as the rotor lift is increased 
above Cj,/o = 0.129 the alternating load increases very rapidly, 
becoming almost asymtotic. It is necessary to determine the 
cause of this rapid increase in loads and how it is different 
from the load growth caused by the inboard conventional stall. 
Figure 6.2.16 presents the three azimuthal distributions for the 
lift limit C^/a = 0.1333. The outboard torsion load distribution 
is approximately uniform from 90 degrees all the way around to 30 
degrees azimuth with an increase near 290 degrees possibly caused 
by stall. Between 30 degrees to 90 degrees the moment increased 
to a slightly positive value, usually the result of operating at 
negative angles of attack which would be expected with the lateral 
hub moments trimmed to zero. The mid blade distribution is 
approximately uniform between 40 degrees and 210 degrees but the 
remainder of the wave form shows three distinct peaks in the tor- 
sion load. The frequency of these nose down load growths is 6/rev 
which is the torsional natural frequency definitely establishing 
stall. The inboard wave form indicates a slight increase in the 
torsion load at 270 degrees, 315 degrees and 20 degrees azimuth 
which are the same regions where stall was exhibited on the mid 
blade trace and is possibly a carry-over of stall to the inboard 
portion of the blade. Therefore, the increase in the load sen- 
sitivity with lift is a result of stall shifting out to the mid 
and outboard portions of the blade. 
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the mid blade wave form by increased nose down loads at 240 
degrees, 310 degrees and 20 degrees azimuth. The inboard portion 
indicates conventional stall at 150 degrees and 210 degrees 
while there is a very large increase in nose up torsion load at 
300 degrees rotor azimuth. Again, the change in torsional load 
sensitivity at high levels of rotor lift results from a signi- 
ficant amount of conventional stall on the mid blade and inboard 
portion of the blade. The sensitivity for high levels of lift 
at an advance ratio of 0.50 is less than at 0.20 and appears to 
be the influence of the large negative stall on the inboard 
portion of the blade. 

Similar characteristics can be generated with the flap bending 
loads which will indicate the regions of the rotor that are 
producing high lift and help confirm the regions where the 
rotor is encountering stall. Figures 6.2.19 to 6.2.22 present 
mid span and root flap bending wave forms and also an indication 
of the incremental outboard (r/R=0.48 to 1.00) and inboard (r/R= 
0.12 to 0.48) lift distribution around the azimuth. At a rotor 
lift coefficient of 0.1238 and an advance ratio of 0.20, there 
is a region of negative flap bending load between 90 degrees and 
150 degrees azimuth for the outboard blade region as shown in 
Figure 6.2.19. For the inboard portion of the blade there is a 
region of very high flap bending loads between 60 degrees and 
150 degrees and slightly reduced load level from 150 degrees to 
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coefficient of 0.1029. The increase in lift on the outboard 
portion of the blade between 210 degrees and 330 degrees 
provide support to the mid blade stall indicated in Figure 6.2.18. 
The very high lift between 120 degrees and 240 degrees azimuth 
supports the conventional stall on the inboard blade while the 
negative lift or download occurring between 240 degrees and 
270 degrees verifies the operation at large negative angles of 
attack and the negative stall defined in Figure 6.2.18 for the 
inboard section of the blade. This estimated lift distribution 
data in addition to the torsion data of Figures 6.2.15 through 
6.2.18 provided the basis for the qualitative lift distributions 
presented in Section 6.1. 

To summarize the results there is an inboard stall that produces 
a moderate increase load sensitivity with lift and a mid blade 
plus outboard stall that results in the almost asymtotic varia- 
tion of loads with lift coefficient for low advance ratios. 

For the high advance ratios there is an inboard stall that has 
a higher sensitivity with lift than the low advance ratios 
have. For rotor lift levels near the lift limit there is a 
decrease in sensitivity to rotor lift for the higher advance ratio. 
This is a result of operating at negative section angles of attack, 
negative lift between 240 degrees and 270 degrees azimuth and 
positive section pitching moments alleviating the load growth 
with rotor lift. Addition analysis of the loads data in conjunction 
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FIGURE 6.2.5 EFFECT OF ROTOR LIFT ON RADIAL DISTRIBUTION OF 
BLADE TORSION LOAD AT y = 0 
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FIGURE 6.2.16 RADIAL AND AZIMUTHAL DISTRIBUTION OF BLADE TORSION LOADS, 

U = 0.20, C|/a= 0.1333, X/qd^'o = 0.05 
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FIGURE 6.2.18 RADIAL’ AND AZIMUTHAL DISTRIBUTION OF BLADE TORSION LOADS, 
y = 0.50 Cy/a = 0.1029, X/qd^a = 0.05 
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FIGURE 6.2.20 AZIMUTHAL VARIATION IN FLAP BENDING LOAD AND ESTIMATION 
OF MAJOR AREAS OF ROTOR LIFT u= 0.20 . C|/a= 0.1333, 
X/qd^a = 0.05 
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FIGURE 6.2.22 AZIMUTHAL VARIATION IN FLAP BENDING LOAD AND ESTIMATION 
OF MAJOR AREAS OF ROTOR LIFT - y = 0.50, C-f/a = 0.1029 
X/qd^a = 0.05 
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Figure 6.3.2 presents the performance data in terms of the rotor 
effective drag coefficient (Co^/a) variation with rotor lift. 

There is a large improvement in rotor effective drag from an 
advance ratio of 0.10 to 0.20. A slight increase in effective 
drag coefficient is shown as the advance ratio is increased to 
y = 0.40. For advance ratios of 0.45, 0.50 and 0.53 the effec- 
tive drag level is slightly increased over an advance ratio of 
0.40 and they are all approximately the same. Increasing the 
advance ratio to 0.57 and then to 0.61 increases the effective 
drag reaching a level that is equal to that of an advance ratio 
of u = 0.10. The general trend evident for each of the advance 
ratios is that the effective drag starts to increase significantly 
at lift levels well below the lift limit, but in the lift level 
that is incurring inboard stall. 

Rotor lift to effective drag ratio is a measure of cruise efficiency. 
The slope to any point on Figure 6.3.2 provides the L/Dg and the 
position of each advance ratio on this figure indicates their 
efficiency relative to each other. Maximum L/Dg indicated is 9.0 
for an advance ratio of 0.20, decreases to 6.5 for y = 0.40 and 
then down to 1.8 at y= 0.61. A summary of the maximum rotor L/D^ 
is presented in Figure 6.3.3 indicating a peak value of 9.5 at 
y = 0.28. The trend from y = 0.40 to 0.61 resembles the lift 
limit trend showing a dip at an advance ratio of 0.45 and a lower 
peak of 4.5 at y = 0.52. 
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cyclic and lateral cyclic that correspond to the performance 
summary of Figure 6.3.1 are presented in Figures 6.3.4 through 
Figure 6.3.7. The other aspect of rotor performance is the 
capability of the rotor to accelerate from one steady state cruise 
condition to another and/or carry external loads. Performance 
data that addresses this was obtained during the propulsive 
force testing. At fixed levels of lift, the propulsive force 
was increased until a model physical limit was reached. This 
data is presented in Appendix B of Volume 2 and Figures 6.3.8 
through Figure 6.3.10 are selected to present the performance 
data obtained at three advance ratios. Figure 6.3.8 shows the 
variation in rotor power coefficient with the increasing propul- 
sive force requirements at y = 0.40. The two data trends are 
for 80 percent and 60 percent of the maximum lift limit when 
X/qd^a = 0.05. The resulting trends are linear with a slight 
decrease in slope as the lift is increased. A linear variation 
indicates a fixed effectiveness of the rotor for converting power 
to propulsive force and is defined as rotor propulsive efficiency 
(rip) . A rotor propulsive efficiency of 100% is the ideal con- 
version of power to propulsive force. 


n 


= A(x) 

P A(P/V) 


Ideal rip = 100% 


Ap 

V 


AX 
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understand the differences in performance resulting at the higher 
levels of lift and at y = 0.53 and 0.57. These differences are 
also reflected in the lift limits that are discussed in Section 

6.5. 
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FIGURE S.3.6 LONGITUDINAL CYCLIC PITCH FOR PERFORMANCE SUMMARY Vt = 620 FT/SEC 
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FIGURE 6.3.8 EFFECT OF PROPULSIVE FORCE ON ROTOR POWER REQUIRED 
AT CONSTANT LIFT, y = 0.40 
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FIGURE 6.3.10 EFFECT OF PROPULSIVE FORCE ON^ROTOR POWER REQUIRED 

AT CONSTANT LIFT, y = 0.61 
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FIGURE 6.3.16 LONGITUDINAL CYCLIC PITCH FOR PERFORMANCE SUMMARY Vt = 570 FT/SEC 
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FIGURE 6.3.18 ALTERNATING BLADE ROOT TORSION LOADS FOR PERFORMANCE 
SUMMARY AT Vj = 570 FT/SEC 






longitudinal force indicate no change in sensitivity when 
operating near the lift limit. Rotor thrust and power varia- 
tions with longitudinal or lateral cyclic are unaffected as 
the rotor lift is increased from 70 percent to 90 percent of 
the lift limit at an advance ratio of 0.20, as indicated in 
Figure 6.4.3. 

For an advance ratio of 0.40, the sensitivity of rotor hub moments 
and inplane forces to longitudinal cyclic are presened in Figure 
6.4.4 and to lateral cyclic in Figure 6.4.5. There is no change 
in any of the sensitivities as a result of operating near stall. 

The impact of longitudinal or lateral cyclic on rotor thrust and 
power is presented in Figure 6.4.6 and indicates no change results 
from operating at the higher lift level. 

When increasing the operating speed up to an advance ratio of 
0.53 the sensitivity of rotor pitching moment and longitudinal 
force are slightly increased when operating near the lift limit 
as shown in Figure 6.4.7. The sensitivities become slightly 
greater in the cross coupling terms of rotor rolling moment and 
side force when operating near stall. The lateral control charac- 
teristics of Figure 6.4.8 are less affected by operation near stall 
than the longitudinal control characteristics. At p = 0.53 there 
was no effect on the thrust or power sensitivities to longitudinal 
or lateral cyclic. The conclusion drawn from these data trends is 
that there is a negligible effect on the control power resulting 
from operation at 90 percent of the lift limit at all speeds up 
to an advance ratio of 0.53. 


134 



Q. 
CiJ O 

z * 


<_) IxJ 
I— O 


cc 

o 

C3 f 


1/10 SCALE CH47B ROTOR 
Vj = 620 FT/SEC 
189 M/SEC 



-.02 


0 


.02 RAD -.02 

INCREMENTAL LATERAL CYCLIC -AA] 

o 



+■> DEG 


Cf/a = .090 



.02 RAD 


.0002J 



DEG 


-.OU 


-J52 


T 


.02 RAD 


-.02 


INCREMENTAL LATERAL CYCLIC - AA^ 


6 .02 RAD 


FIGURE 6.4.2 


EFFECT OF STALL PROXIMITY ON LATERAL CONTROL i^OWER- 
ROTOR MOMENTS & INPLANE FORCES AT y=0.20, X/qd^a =0.05 


136 


C. Basic Test Data from Control Power Testing 


As indicated in Section 5, of the main report, the control power 
testing was conducted concurrently with the lift limit testing 
at fixed levels of propulsive force. The control power charac- 
teristics are defined by the changes in rotor forces and moments 
produced by increasing or decreasing the cyclic pitch from a 
trinuned flight condition at 90 percent and 70 percent of the 
maximum lift achieved at that specific advance ratio and propul- 
sive force level. This was repeated at each propulsive force 
level and advance ratio for the basic rotor tip speed of 620 ft/sec. 

Test data obtained from each of the test runs has been combined 
to show the impact of advance ratio, propulsive force level, and 
stall proximity on the control power characteristics. The combina- 
tions, identified as plot sets, are defined in Table C-1 and are 
marked on the bottom of each sheet. Within each plot set are a 
series of graphs presenting the variation of each component of 
measured data with lateral cyclic or longitudinal cyclic noting 
the base point or trimmed flight condition. An example of the 
sequence of these graphs is presented below for lateral cyclic and 
the sequence will be the same for longitudinal cyclic. 

Rotor Lift Coefficient versus Lateral Cyclic 

Rotor Propulsive Force Coefficient versus Lateral Cyclic 

Rotor Power Coefficient versus Lateral Cyclic 

Rotor Pitching Moment Coefficient versus Lateral Cyclic 

Rotor Rolling Moment Coefficient versus Lateral Cyclic 
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Rotor Longitudinal Force Coefficient versus Lateral Cyclic 
Rotor Side Force Coefficient versus Lateral Cyclic 
Alternating Root Flap Bending FB12 versus Lateral Cyclic 
Alternating Root Chord Bending CB12 versus Lateral Cyclic 
Alternating Root Torsion TB12 versus Lateral Cyclic 
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TABLE C-1 DATA PLOTTING SUMMARY FOR THE CONTROL POWER TESTING 






RUN 

NO. 

ROTOR 

TIP 

SPEED 

''t 

ADVANCE 

RATIO 

ROTOR 

LIFT 

COEFF. 

G.^/cr 

ROTOR 
PROPULSIVE 
FORCE COEFF. 
X/qdV 

TUNNEL 

SPEED 

V 

COMMENTS 


8 

25 

620FPS 

.1 

• 124 

.05 

62FPS 

Control power In cruise 



28 

620FPS 

.2 

.123 

.05 

124FPS 




29 

620FPS 

,3 

.098 

.05 

186FPS 

lateral 



30 

620FPS 

.4 

.095 

.05 

248FPS 



9 

28 

620FPS 

.2 

.123 

.05 

124FPS 

lateral 



28 

620FPS 

.2 

.090 

,05 

124FPS 



10 

30 

620FPS 

.4 

.095 

.05 

248FPS 

lateral 



30 

620FPS 

.4 

.076 

,05 

248FPS 

- 



11 


620FPS 


,124 

.05 

62FPS 

longitudinal 



28 

620FPS 


.123 

.05 

124FPS 




30 

620FPS 

H 

.095 

.05 

248FPS 



12 

28 

620FPS 

.20 

,133 

.05 

124FPS 

longitudinal 



28 

620FPS 

.20 

.090 

.05 

124FPS 



13 

30 

620FPS 

.40 

.095 

.05 

248FPS 

longitudinal 



30 ! 

j 

620FPS 

.40 

.076 

.05 

248FPS 



14 

1 

32 

620FPS 

.40 

.100 

.01 

248FPS 










lateral 



30 

620FPS 

.40 

,095 

.05 

248FPS 




33 

620FPS 

.40 

.088 

. .10 

248FPS 






























TABLE C-1 DATA PLOTTING SUMMARY FOR THE CONTROL POWER SETTING 

(Continued) 




21 

33 


33 


ROTOR 

ROTOR 


LIFT 

PROPULSIVE 

TUNNEL 

COEFF. 

FORCE COEFF. 

SPEED 

G^/tf 

X/qd^cf 
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248FPS 

2A8FPS 

248FPS 

248FPS 

2A8FPS 

248FPS 

248FPS 

248FPS 

248FPS 

248FPS 

248FPS 

248FPS 

248FPS 

248FPS 

246FPS 

248FPS 

248FPS 



lateral 


lateral 


longitudinal 


longitudinal 


longitudinal 


longitudinal 
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TABLE C-1 DATA PLOTTING SUMMARY FOR THE CONTROL POWER SETTING 
(CONTINUED) 
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TABLE C-1 DATA PLOTTING SUMMARY FOR THE CONTROL POWER SETTING 
(CONTINUED) 


PLOT 

SET 

RUN 

NO. 

ROTOR 

TIP 

SPEED 

ADVANCE 

RATIO 

ROTOR 

LIFT 

COEFF. 

G^/cr 

ROTOR 
PROPULSIVE 
FORCE COEFF. 
X/qdV 

TUNNEL 

SPEED 

V 

COMMENTS 

31 

42 

620FPS 

.50 

.073 

.20 

310FPS 

longitudinal 


42 

620FPS 

,50 

.059 

.20 

310FPS 


32 

50 

620FPS 

.53 

.102 

.05 

329FPS 

lateral 


50 

620FPS 

.53 

.079 

.05 

329FPS 


33 


620FPS 

.53 

.102 

.05 

329FPS 

longitudinal 



620FPS 

.53 

.079 

.05 

329FPS 
























This page intentionally left blank 


C-7 


This page intentionally left blank 


C-8 
























LkFT"P(raf*UL^m foteid ljwjit mi 

^ .1 . i/jia 

control nwtR TlfeTINd 


Fx^ure 

]~^ ^ -LEBElb 

JSYM SUlil MJ^ X/flteSB ^I*/S^ Vila _ 
jo 25 *1 »P5 *424 ^ 


IT 28 

V 28 

V 30 


.423 124 
*0^ 48& 
.095 240 


ROT(bR L©¥(3ItUbr|lA|i FORCE CORFFICIEltr 
VERSUS 

lAtehRl cyclic 




innp 

^ UIJC 


^ JnntLj 
f titni 


-BASE POINT 


- 2 i.Q - 3!.0 t - 4 M 

LftrERftl CYCLitt 


f- omm 



r-infl4 ■ 


• wuu 


1111 


jHMi ■ ; w’^'' 




ET 8 
4 T 1 B 7 


SET B 
BVWr 187 










& 

BVWr 1S7 








Mr* fiflor TDRSION rB12 


























LfFT-p|?OPULSJVE tmt LJMJT TE^T | 

4 - i/iiQ-: 54 yxjM 4 -s^ i - I. 

CdNlROL PCwtR TEkllNd 


iLEdOilD 




iSMil , ; aWLj _J4J] X/QteSB n vS$ VTlJfcl 

10 28: .2 Tds .123 134 

V' 2B' .2 '05 ' 030 


ROTOR LONGItUDlHAt FORCE COlEFFICIElipr 
IrERSpS 

lateral Cyclic 


BASS: BotNT 


-3i.D -^0 

Lflt'ERAL: CiZltt 


- DEISREES 


« V|fC 




jfinA -I 

•LIUT 


LlllliMiaili 


ET 3 
wr 187 


SET 9 
BVWr 187 




jMQg-SiiiE: 


j jLEBEto 

- isttA ^ a«i m\ %/ 

|Gl 2B! '2i 

r 2B: «2 

' ROT(j)R S|Dg i^ORC^ COEFFiClENb 

i : ; ! ! i ' VERSUS . ■ i 

L. I ’ ^^lATERAL, CYCLIC - ' h - i 1 1 

j ' ^ j ^ ' I ^ ' j ' I ' j 


infffn J“ 

^UUD X 



BWr 187 



Lkn-pkoPUL^ivE 

fUiiC^ LIMIT TEST : | 

l/iQ SCiSLl^C 

1 

cdntrdL PCW 

> 1 1 

bidsilMd i 


ET 9 
)ilT 187 


roc 










ROTOR LIfT COEFFICIENT 

fERsOs : 

LATE RALi CYCLIC 











i 


UFT-PteR^IVE iFORC^ T? 

j i/^Sli^LE |]^--a7g JpjR 

CjaKTRdL PDllteR TEiS'fi^^ 


Eig-ur^ _C -2.4 


i LE6EH0 

SfeU Sm itlj! 1 

O 30 ' ' 4 | 

r 30' -A 



ttOTOlfe PT'pCH UjlG MOMENT COEFFipiENT 
VERSUS 

LATEto CYCLIC 




oins jQ 



0 -3«D -^■O “>Se*D -^'D 

vmjit - \ 





■wr IB7 


BVWr 1 B 7 






roj.l]:n<!5 moment coefficient 

T~ VEISUB ' 

LiTMRkL CYCLIC 




ikFT-pMuiklVE tefi LiMlT llil 
' POito? TfisTlNfi 


-f- 


I I i iLEBdiD 
JffilM 4 BUil mLjJ/QC2SB 


F ig ure C- 2 6 


0 

IP 


3D 

3D 


’4i 

-4' 


IS 

]S 


ET VSe VTUH - 
: .qas! 24B 
-076; 34B 


-r--f 1- 


;R0T0R LdNGltUI^Il^AI' ^QRCt COEFFlClENiT 

Vuftsijrs 

iATfite CYCLIC 






|. ^ i iLEBEto 

jSttl RtH; MU‘ 

!o 30 -4; 

IP 30 *4 


1 S:(:DE FORCte jQQfiFFI C I ERir 

VERsys 

tATERAIi tYCLlC 



BV 1 »r IS 7 



Figure C -27 



ET 10 
HT 187 


r-TR 



Air. RQOr FLAP BEMDIMG FB12 - JN»LB. 


I 


L^FT-pk0PUL5IVE jFDijCii ilMllT TE^T 

4. l/ia..s4«JL4i-i2^ gflldR- - 

CONTROL PCMeR TESTINO 


? isinre C-^^8 

~TT ilebS? ; i ■ 

.SM I ajNi Mj^ x/DD5sa jmjh 

O 30 -05 .095; 2^ 

p 30 .4 .05 .076 240 


9B*B 


dfi»n 


ALTEl^iTIN<P RO^T F]pAP BENDING fBl 2 

VERsys 

CYCLIC 




Rase POINT 



ERAL! CYCLIC 


or 187 


BVOr 187 







Figure 

! ■ LEBGND 

is^ HUH- Ml? X/QpaSB CT*/S& yiiA 

d] 30 «4 .095^ ^ 

r 30 .4 'OS .076! 24B 


ALTBRNATIMG i&OOt TOUSIOlil TBl2 
VERSUS 

^AUERAL dYCLiC 


^ D n 

4 “ 


4s-&- 


( 

4 » 




0 * 0 - 



Lhr-pj»DPULBlVE boRCfl L»dT TE^T 
CONTROL POVlb TeIsTINO 


BASE POIN'I! 







feDTOR PR^TpulSiVE : FORCE cbEFFicCI^T 
VERSUS 

' L<t)W3ITUDlte. CYCLt C 




i 






4-- i- 


L u 


t^r 


t i- 






t — - — - 




i — f„ 


-H-' 


t- - - 


- 1 " 


-i — -- 4 - 


. 4 ._- 

I 


-4 - 4 - 




-Uea^e H>iNt| 








iOlDtt mCfF Cf!MB 


irasci te 

uiio scaMh ^^4 Boxi^ 

dOMTii^ raikR lisiKi^ 


[■”" ; 

RUN' 

I m 

as 


as 

❖ 

3P 


^ Figure.. g-M 

LEGEND 


•05 423 1* 

ir>g ; _fwic aj 

Mufj 'iJJut iT* 


NOTOR PlteHlNc MfeMENi' COEFFICiR^ 
' _ ; VERStJS 

LON^TUWnAL' CYC lilC 


r\r\rir^ ' 

* wUOd 






JbASEi POINT 




BASE POINT- 



1^1 




pvwr 157 





I 


1 


1 

f 

u. 



SIVE 
MJLl 
L POj 

FORCi lNt tG 

CR t&ii4 

tTi:, : 

' 

; 1 
j ,. 

U— 4. 


Figure C- 3 5_ 


; \jmk) 

' ifcM* : 

! o aS! 

i F 38 ! 

30i 


RCfl.£.rKiG M(^NT OOEFFidlEN^ 

VE^os; 

LOlWITWNAL CYCLIC 



A<|g»4/ Al&. 
69 .dpOOlb^i 
./iooo^ar 






\(mi TE|T 

I daNtM}L POliCR T^STlMt 


Figure C-36 

■ ' ■ ■ .~j 1 j- , . — r 1 1 — T 

: . |. iLEBEHP ’ | : 1 : L 

a aS' *05 ! -tM 6i -(bon'^ 

tr aB; •» *135 ' •133 154 -.ha>p<ik 

^ 30 »4& H05 - a4fr--$^f - 


ROtOR LONGtT0Di[NAL FORCE COEFFICIENT 

! VERSUS - _L 

LON^iTuOiNAt CyOLiC; 




! 1 

,-.H- 


L_„. 

! 


>W' 


BASE ROIMT- 


“1 

■| -t 


BliSir fOXNT 


tod4- 


0 ' 0»0 0^^ 



riiijk Se!ic - J^ks 


15^0 1 14*0 



*fVUD 




zx 11 

WT 187 




SZX 11 
svwr 187 



FigyxfeJZTi/. 



-pmmjsivc Ifikc 4 

x/m sqMX iiH^4?4 ROTiia 
dOMtli^ POlkR T^TIN$ 


LE 6 EM 0 


ism 

a 

I r 


fm *•!£ *Ty» 

as: lb ^ I iM ef 

ai -ap -K ' -m 

3 B^ r^ 0 - -» 05 ' t > 09 S a^S 


ROTOR SIDE FORCfe CCffiFFICIEI^T 
VERSPS 

tONGi-TUDlmM.' CYdLIC 


LSRIIIIIAIIIII. 




E ROIB<T 


Its: antmt: sen tun aiB af i : e 


5VWT 157 









HI CtU 


Fiqure C-39 

-r-- i : ^ ’ J 

;UBeN> : i i 

a asi -lb .|K -ia4 ea ? 

O' aai .a os .|aa 134^ 

1 3ff ^35 -0§a a4B-; 

ROOff caoilb bBKDtlWG 
VERSUS 

LONGITUDINAt CYCLIQ 


LilF T-t^HOrtJl|Sl»E VoRci iMl tCtt 
_4 i/iio^ sjiu (}H?*4zy 
: QnWIcjL POyCR T^TIWS 







^ FiS-Ur.^ -.C-4.a ^ 

I - j- - jUBE|® : 

1 j R OHi MUS^ Vt^WSB CTi/aft VT^ - . . 

i a 25: -W -jK -12^ 62 .p® 

\ V’ 38; .3P ‘DS : *133 134 hn ' 

-40 p5 i -595 248^ t 1^01 ‘ 

! • ^ t j ! ' ^ i 


AETtrRNfirrNG RDOIT torsion TB(12 
; VERSUS 
LONOITUDINAt CYCLIC 














j[NlL CQ££I’. 


Figure C-44 


-fkirtiJfiiVE Iforc 4 Lft4T 

l/io SCjALE CH -470 SOXOR 

ratkR TEstM 


fS3(H-i 

OlMi 

a 

3»< 

p- , 

SB: 


LCcqiD 

t 

2D >D5 


III Y/tmoKm jcj. 



134 

134 


ROTCfR FITCH Jirc IffOMElilT COEFFtCIE^ 
VERSUS 

LONaiTUDINAI. CnfCLIC 


7 

! 

rflM4 


-0033 + 



-0003 + 


POI&T 







fcjili 



¥E iFOltC^ UM|T TE$T 

E^ 4 H =- 4?4 

POtbl Tto«$ 


'LCBEND I 

ISH RU*i X/QpiSB tTAy» jmiK- 

i (3 28 .» ^ *123 l|4 

r 2B; >20 >05 *090 124 




1 ■ [ROf^R i^LLi^d ^^tMeNT COEWrCIEfJT 
i ! I VEfeUS; ; 

^ ^ - LOl|«5tTeDINAL ckciild 




rr-»SE POINT 






UiFr-flfiO^smjrtttct limit test 

j_ _ l/ilQ SljALE 

CONIRtk PEMfER lisTINi 


Figure C-46 

L : r jLiBESo ■ . ; 

LS3iM - iUwi J4Uj* X / aJgSB 
m ^ -PS I -ta: 134 . 

as >30 'D 5 ^ -oac 134 


cp£4^, 


rROTti)R LONGlTUDlljlAL FCTRC j: COfePFICIEN^ 

VEftStS ; i 

iOSGiTUBlNAL C¥CtIC ^ 


L tUitt - 
f tJtiu 


-BASE P(i)UiJTi 




• — i 4-— J 


LOWGireciwL cmic i- phirees 


mmwm 


gi»#i gj i fi f f M i fw» -I. ‘ 


sS« ^ a B SB-B-'Vb >KSX B3a vB-vv4 «P9 


lltgTMtgiBltiP^mgTOgl^rowSlPws^TOi llwI i 

S*i l ii il itftf • f? ■ggyir^ " 


pvwr 197 





J JflIQR SQE FJKKE CflEFE CC/SB.i 


tiff-iimrtiijsiVE iroftcl UMiT test 

J l/itO StiLE 4H-47i l- 

CQMIoi rai^ TisTItU^ 


Fig ure C-47 

. I ; LEGEND ' I ■ I 
4-Sm i- huh: t4Ui' X/ltoB jjtuh 


31 >3b >PS 

38 -3D >05 


4R0®^ €C*PPICIEa«^ 

VERSUS 

j|,ONGiTDDINAL CYCLIC 


ytUh 

•133 134 

•oad 134 


... .j j_ 


4W8- 


4 

j 

i 

i 


! 1. 




..L 

£ i 

' i 


04*0 i Olj-Q OH-O l(i-0 U’O 
jLONSIlT iilHH L CYCLIC - PEORCES „ 


“i 1“ 

+- ™ 

1 

1 ijo 

i ■ 

I 


1 

[ 

t 

3 

i 

7"'^ 

: ^-j 



Bral ^ 


II 





5Er la 

BVHf 157 


1 


r ta 

T 157 



Figure C-48 


NRo^siWL|Fa«^ I 

^10 SD/a.LiH^4i^ anflg- i- 4- 

doHiaqL Foijoi T^Tlwf | [ 




I ! LEGEND 
.\sm \ mjid- 

I cj at: *ab ^ -123 124 

r i ati 'ap *bs -asQ ia4 


IsLirEiRNA^ING ROOT' PI^ BBND I itG PB12 
VERSUS 

LdNGIliUDIKiAIi^ CYCLiC 




llfT-rtWHlllsiVEirQRci LIWJT TC^T I 

L l/ilD SCjALELJlMr-AZi aoililfi . L 

qONiTRciL PCMteRi lisTINi 


. ^ Eiaiir^ C-.49 

; LEBEWD ; I 

SM-i HUM) Ml’ -X/IteSSJci-'j^ VIUH 

m 3 B lb -as i -taT i<4 

^ 2 Bi -ad *05 ' .090 134 


aLT^PNA't'lKG ROOir CHORD OENDiNG CB12 

CYCLIC 




>0-0- 




bn d n . 




$E POIWT 


,,_4 1 


t : i 


pF 

- 

: 

St-i 

V 

. — 

— 

: 

, , . . i 

f ■ 

i . . 


r\ 


1 1 



bn_.fl - 


“-+■■— f 


I i 


r 13 

r 187 




j 

1 

; 



! 1. 

1 ■ 

i ■ 4 

. 

r; ■; 

I 

j 

* [ 
. j 

i 



1 

1 1 
i 



Mm 

t*^ 

-0. 1 


.0 

m 

*o! 

|||jj[||[[l 

ill 


w 

1 


i 


-r-r--— 1- 


OCrO i 

iiinatc !- 


01 <0 

mm 


-f— f 

I 1 

1 • I 


SET 13 
BVWr 187 







l|lFr-PlROPUljsiVL!FDt?Ct LJMtT TEjl 

-.L 1/1D^5CALL 

CONTROL POWER TESTING 


Fi gur e C -5 2 


LEGEND 


.4 S 3 fti - RU»L MIA’ X/qD 2 SB JCT‘./-^ Mm 

I a 3D -DS -OSS a48 

' e?- 30 *D5 -076 24 b 


Mil 


ftO-JoA PROP«L0IVE FOR<!E GOEPF’tGIfitJT 
VERSU$ 

lOnqi^udimal cyclic 


^foaiiO 


liCJiKSpSSWignt 


5VWT 1.B7 










t!lFT“f!RDPUljSIVE iFokci LJwIt 
Mid SCALE 

CONlR[jL PDl^ER lisTlNfi 


, ^ - E,igurje_ C.-4-4. 

i . I- i LWO • ' 

L w 

i a 3DI -4p -p5 ' -095 MB 

i y 30; -05 . 07^ MB 


Hdmjnr PtTCHtTSro XZpEFFiECrEtirT 

:VER^U$ i 
JX0N4lITU|)INAt 


! 1 . 


■ MUP D 


Hnrtg 


uhn44 


^BA$E POINT 


-oa'O 


ICHiBfir BBIRftL C lf j C UC !- PE qREES 


iWiWrWiI 

- * ^Mm-m rnmmmm M.Mm.ML ;tf ^ TT^ ^ MWM m f nSf 1#* « NB 


w t*&? esjt mam gma aetgj i:aea^ aagaa £aae« aaaa SSEBCMdS S 

i^^g£fSI8lllM aW«B wgg 8B>SSBSBSi S8g**^ »*CgSg>iUai I»*i»B 


:r 13 

rr 187 


SEr 13 
Bvurr 187 



LilFI-flRaPUlisiVEjFQRq LIwiT T£it 

• im sdALc itt-t^wi-flniiiifi 

dONTRdL pmbi TisTINi 


^ -C-- 5-5 - 

legend 

sm HUH MLt X/0D2SB VHM 

0 3D: -40 *05 -093 248 

^ 3D* •46 ‘OS -076 248 


■ ilOOB - 


*R0T:^R rolling MOMENf goSfficieni? 

1 VERSUS 

LONGiTODINi^ €¥CLI€ 


1 ■ * T 


nnri a , 


BASE POINT 


OCiQ Q3.D ! D4*0 

1 lOHBIlTIfl 


oa-o 

UHGIIt WI^L CtCLK h OEdKEES 








Ef 13 
WT 187 


i__±_ 




. 1 . 





ser 13 

3VWr tS7 





i -Rdrofi ©Qt /iiflix cito dsr/sa 


i-iFr-{^RapuusiVE;F[»G| Mimit test 

l/io Si|aLE ltH -47i .flDI^ ' 
qONTRril PD|(eR TtSTINS 


. i LCKjNO j i 

sm Bm -Mii* x/itee - niiti 

a 3d .40 m ' -m 348 

P* I 3o! .4b .05 t .070 343 


iROT^R SIDE ?QIC^ COfepEiClENfr 
VERSUS 

* ILOWGtTDDItilJtt OfCtTC^ 


1 ■ '' _ .i_. J 




hrH 

1 


1 . ; ^ i ! 




]• utin 






j fill T 

line 


O^.Q ! 04-0 ' oS*D W 00 . D ' 

■ jlDIIC|ri»JII<ftL cmic - DESfifiK 


— 1 ^ 004 - 


- I. niiB - 

" I* uvo 





I I 


. ; 
! 

■ ■ ■ i 
; 

! 

1 

» 

1 ' . 

i ^ I 
i 

1 

i 1 





“ 4 -- 1 — 

\ i 


I ..., 


SET 13 
BVWT 187 


.'Ef 13 
187 





tarEiNSTtNt; i^CfOTtn^P bendinis FB3.2 
veJ^us 

- - . e^Lie 



fwr 187 1S7 

C-66 





- ZTHI NOIBlfDJ JUOS 





M rofi LJFT cpeFFicjEfjr £ r vsa 










;et 14 

fWr 187 







RDiqH PirCHiM G MOM E fJr COEFF CPMB 


Figure .C-64 


UFT-PI? 0 PUL 5 IVE: force UMIlT Tt^T 

uin smJL sflids ^ _ 

CpNlRDi. Paib TQSTINEi 


LCBClIlO 


JSm ; HUSJ MUf X/D02SB tT*/Sfi VTU 
la ^ .40 ^ -100 24 

\r 30! .40 . 05 . 035 24 

30 .40 .10 .083 24 


loTOft PITCHING Mi^MENT COteFPiCIENT 
VER$tJS 

LATERAL CYCLIC 


B4SB POIn4- 


■artnn b 

*tiuuc: 




-3s.D -4^0 

LftfEllftL: CYCL)[C 


- PCCRCES 


-t;: 4ii* : 




■|L — S-- - + 


SET 14 
BVKT 1B7 


£T 14 
81 187 


C-72 







.-EU/isa 



;ej 

fWr 187 


C-74 


pvwr 187 











Ail* am 




BVT»T 187 


ET U 
(»T 187 


C-78 







RO rOR POWER COEFF ICI ENr CP/ 5B 


LtET-PfeOPULklVE f^QRCEi LIMIT T£^I 
. Uin SCj^L CH-il7ft Bttiqs .. -i- 
cijNTRDL POWto TEBTIf^ 


Figu re C-73 


f 


LEEEliO 


1 RUH 

MUi X/DJ12SB XIVBR JmiR 

;o 

32 

Tp :.q77 ^ 

\v ' 

! 30 

: .■<}0 .05 .U76! 24R 



■ m 

.40^ .40 ^S?0. .34R 


ROTOft POWeR feOEFPlClSENT 
VERSUS 

: LATfeRAii eyetie 



BkSB toNb 


ET IS 
l»T 1P7 



eauifi 


,.,C - 3 . 


LlFT-ntOlujsiVt FOftC^ iMl TE^T 
i 1/da SCjALL dtt-47^ RDTljR 4 - 
CbNtHdL PmCfi T^TIN^ 


LEfidC 


sm 

nmi 

Mi! 

X/QP2Sa tu/s 

a 

32 


.pi 

i .Q77' 


30 

• dO 

.05 

i .0761 


33: 

-dO 

.la 

- -070 


ftoTOR PltCHING M^MENt COEFFICIENtr 
VERSUS ■ 

■LATERAL CYCLIC 


^IpUtlT 


1 


- 

: : ■ : i • 1 

i i 

L 

[ j : 

^ ' ! : f 


4 - -f -4 

. I 4_| 




_ itinno * 
fVMuOc 


BijiSE POIN-f 


mrtn-4 


-4--r 

i I 


-3.0^ -S*D 

LAjreilWroCLilC - p«R|ES 


-e*0 :-7!»D 

: ; I : i 






SET I 

BVWT 157 


ET IS 
187 


C-82 

















LkFT-PWWLisiVE iFMcd ijidT TE^ 
i 1 /jm sdM.E CM=iz^-adi4R - 
ctMinaL PfntER t 6 siin$ 


, - . .C- 72 

iLEBEiw) I : I . I 
iS(H auH juQpasa VTiii 

i0 3a -4d ; -07^ a^ 

r 30 ‘4] ‘OS 1*076 a48 

❖ 33' *46 *te 1-076 — a4& 




:ALT$R«AtlNG ROOir CHOR£> BENDING CB12 

' Versus 

■ : LATERAL CYCLIC 


3B-& 






t - -t- 


i ( 

4 } 




■HBASE POINT 






cue - BESRBE^ 


3W| 


187 


BVUT 187 





LIFT-fWlftJljSIVE iTOSCe TE$T | | ' LEBEND 

1/lD SCALE BOlijS L-. Ls^J 

1 owmt pnttii ° i; :jg | 



1 ! i - - A ^ ; -33- 

-40 

.10 -070^ 



' '^LftoAtlNG ROOf TbkSl0|j 
VERStJS 

iftTBRAL ^CLIC 

TB12 



^ ; 

i ‘ - 


1 

1 

►' ■ — ■ 

1 

... 1 
■ 

! i • ' : i ^ 

1 

i 

‘ : . i 

5 ■ i ' 

1 ' i ■ 

i j . I 

! 


i : 1 : ^ : 



J ! 

; ■ ! \ [ } ' ' ' '. j : ' ; 

- - - 

-• ‘i — • — 

_. p. 

i 

injn L 

j 

L- 1 - i ; - 4- - 


. .. 

iB-G- 

► i ' 

BASS POiNT-hc 


^ 


|HM«s 




■i tint itH! Iff 


1RT 187 


BVir 187 





n iFok4 TEit 
PintEii T651iN6 


- 1-- n-.-- 


F igu re C- 8J. 


i iLEBENO 

^ _aj«i Muk 


e 



— -I-- 


LtPT tOEPriCIENT 
VEiStJS 

XATERAt, CYCLIC 


11 ^ yjUn 

lOQ 2% 
077 

... J 4 -. 





















i R^T^R' R^LtiM MfiMENi' COEFFICIENa' 
! ; VE|?sts; 

i- LfttERAL CYCLIC 
























-HMl{sIV£ ^tHCfi Lftdl TEST 
1/iLD JO^ 

(Wfili. PEN|ER T6ST2NB 


LEEEk) 


Figure C- 89 


AITfRNAtiNG ROOT CHORD BEMKiNG CB12 
VERSUS ' 

LATERAL CYCLIC 


b-— BASE POINT 


LAFERAL CYCLIC 


187 


r -Q7 


BVWT 187 













1?0TDR LIFT CDEFFICIEtIT 
VBRStrS 

LATB«AL €YGLIC 







ROrOR PROPULSIVE FORCE “OEFF CX/SB 



Ef 17 
wr 187 


C-100 





-p|a»Hjlpl1£ koRCEj LlMil fdi 
L/imisci^.cxM7a Bflitjfi 
CjJNtRli foiR TteTIN^ ! 


_ Fijgure_ C-94 

j J i ILEBEilD - : I 

4sai4. ;-auNi x/iibasB -CT vst viuk 

io 33 .4^ .jD ! -DBB 2« 

ir : 33 \ .46 .to .070 24B 


iR(bT^R PtTCHkNG ^OMeWt CDEFFICI^T 
VERSUS 

LimrRja. ciycinic 


BASE 





WT 1B7 


E5VWr 197 









Figure C-95 


Ulf T-rtmU^SIVE iFDRCt iMl t€$T i 

-1— - ' ; 
1 

” ' ■" -y 

i 

LeGEHD 




! i/m StiAb^ CH-4?» - ; 

^ i S^ ^ 

RUN 

MUi* 

x/e&aecp/SB 

VRjtf 

dOHTRdL PtWER TE5T3N6 

\ - -tL '■ ■' t 1 t ,1. 

r 

33 

33 

•^d 

<10 

<10 

'Osa 

<07D 

348 

348 



ROTOR ROLLING M^)MENt COEFPICIEN]r 
VERSUS 

LftTBRMi CYCLIC 









I 


LiFT-P|iQPUL^IVE FDiEEj LiMIT TE^T 

l/liaiSCkE - 

CdNTRDE POUTER T 05 TINB 


Fig[ure__C-9^ 

I ; i ILEBE^ 

-isw-f .BiifiJ ji/auasB civsfe Him 

!a 33 *4il 'ID 'DSBi a4 

■ ir 33 '4D 'ID 'D7D' 34B 


ALtERNATIN^ RO0T FLAP BENDING FB12 
Versus 

LATERAL CYCLKC 


^D'0 








l L 


BASE POljNT 


WT 187 


ftLi ncLic 



BWr 187 









iiiFT'piRD^»udsivEirQRct lh 4 t te^t 

- 1/lD SHALE CH“47d flimjfi i - 

CONTRdL PakR leSTIN® 


Fj^ure_ C-100 


LEGEND 


RtM 

Wi' 

X/Oteffi-iCT'/SB 


•4D 

•D1 

•IDO 

3o; 

.40 

•05 

•095 

S3‘ 

-4B 

•10 

.41AA 

' ifon 


iiOTOR lift CpEPFlCiEtifT 
VERSUS 

LON^TlJ0^NA$i' -e¥etIC 


B/feE. e'DtNT- 





ii £ 


H 


^tK 


C-108 


iiFSI 


SET 15 
8VWT 157 




Figur e C-101 

I i LEGEND i 

-Jimi - NIT 

I O 32i -43 ' -loa ^ 

\ Iff 30; «4D *05 i '03^ 348 

j_^ 3^ .4b 40 348- - 


rot6r pftbFuij.si\ni coEFl’iciENT 

VERSOS 

fiONeiTWDimii CYct ic 



LlFT-fWUysiVEirORGE LIMJT !£$! | 

. . 1^10 sriALLjiH!;4?i HQ-T^H- .,! I 

dONTRdL PCWfER TESTINli 1 

! : i . ! , , i . : i. .... . .i . ■.....!■ 












.siytiFaRd iMi tE$T 
CONTRdL POlfER TISTINli 


iji/r‘p«apui|! 

L 1/10 


SDALtLI 


F igu re C -10 4 


LEGEND 


sm 

a 

aun 

32 

Ml* 

<40 

Xi^Qg^ 

•IM 


T 


30 

•40 

<05 

■ms 

248 



33 

<40 

•10 

•OB8 

248 

1 






Llpsytf fMCE CQgfF Qf/Sa 


Uifr-ikii^iVLiFciRci limIt Tfir 

; 1/jlIL SljALE. 4H -4 ?d -aPllia -:. .1_ 
dDNTRI|L MER TESTIsi 


Figure C~I Q5 

LEGti® ! i j 

5Bil RUHi Mli‘ X/0p2Sa.ici>-i^. *TtiH . - 

O 32^ *4d -pi i -ira 2^8 

tf' 3Di .40 .fe ! .095 248 

^ 33 -4B -10 .Oaa 248- - 


RO 1 * 0 R LONGlTUOfNAL FORCE C 
j VERSUS 

iewetTOuiNAL cycEic 


^SE Foil 


-fflot- 


T'— r 


4884' 


odo 02. 0 04. 0 D6'Q OS'D 

I i.O 4 GITU 0 l 8 ftL CYCLIC - DECREES 


L nn*) 

f UIIK; 




i : } 


I I 


i ! 

\ 5 



\U 1? 

Iwr ts 7 


C-113 








Liif r-rt«if^i]SivE Ifdrce limJt te^t 

1/!iQ. SCALE OHzAZRjDJliR J 

CONTR[iL PD«[Efi TtSTINli 


LEGEND 



RUNi 

MUi’ X'DpZSa XTA/^ 

V-T0N 

! O 

32 

.40 -dt •lOQ 

248 

P” 

30 

•40 -05 .093 

2^8 


33 

^40^ ^ -oaa 

248 


AliTiRNAtlNG ROoi? FLAP BjENDING Fbl2 
VERSUS 

tONGrTUDjNM. CYCLIC 








-gjjyg E jPQlHT 


1 : 

i 

: ' 1 , , i 



, 

”'7' i 

1 

1 


! 

, i 

i [ 


oa^o £M»0 tXjrp : QSfO 1 idrO 

1 lDHGnU()jllMimtDh dURCtSi \\ 




5m 137 


icr 15 
il»r 187 


r_l 1 1; 


I 


Lirt~P|llDPUUSlVE|FQR4 LIMIT If 

4_. . iziia ScjALE i|h,~ 4?^ BDT[jR 
[^TRQL PU0 T^TINI^ 


Figure C-1Q8 

; legend 1 ’ j. I . 

Nun] !4JiV x/ctesa 

32 : -4D -pi •100 248 


[i^T^MlWiNGi ROOf iCBl2 

VERSOS 

1 OON^fTf^TNAt CYCLIC 







I . i . i ; i UfiQ® 

■ i I . rtuijl X/ciKSS 
i o f •« ^P1 : *100 348 

IP* : 30! *05 .09$ 348 

-i ❖ f .'10 .088 348 


AITEIiiJSTlKG sboT irOSSiON TBl 2 
VEteUS 

L 4 )NGl 4 PU^i 4 lAL 



fwr 18 / 


Hlf r- H!« 8 » 0 liSlVE FQttEC UMtl TEfT 
i/illL SqALE HDTI^,— 
CONTROL POiO? TiSTINt i 

I. , 1 A ..A. ..A ; 










IrOt$r pcbwiR! goWficient 
; ❖Eisus; 

: LoijGiTiSrinidu:. 'drcLic 









^SmslVt FtflCI LDKiT TG5T 
lilD sr Atf RjnT^ i__ 

doHIROL POlteJl TtsMBf 


Fi^uize 

i- : :LEBEHd ; ; i 

iSm-A ftuti Ml’ XiUHSB CT*/« KTUN — i 
I (9 33 -D1 i -076 3^ I 

? 30; »iJS .07§ 348 ! 

% 33 ^ ’m - ^34r H 


ROTOR R 6 LLI|«G M|»lEN|r GC^FFICIEI^T 
: I Villus ; 

r LONGITtJDINkl. C^rCLIC 




I ^ ^ 

J 


-0809 


_hnnM 1 

•pUUT ■ 


^yuuD 


sisE POlNlT' 


"4l3*0 


tolMf 


oa-R 


--8Mt 




_L, L 



SZT 13 
5Vir 137 


C-122 








mEoaflDE-f flirt cflEff ijt/sa 


ijiFr-^RimsiVElFQfflrt Ui4 test 

izjm SCALE _ i . 

CONtRllL Pffljo? TfST^ 




LCSEiV 


5^ 

RUHi 



Cl ‘/a 

O 

32 

Vi) 

•01 

•07d 


3D 


•os 

: .076 

❖ 

33i 


-40 

•070 


;R(!)T0R SIDE FORCfi COEFFICIENT 

Versus 

tONGtTUDINRL CYCLIC ; 






I I 

j 


-0 DC 


I n m ■ 
“r uuc 


-VBM 


0#'0 04-0 ^ D^'D,^ 01-0 ld-0 U'O I l4'0 

10«G|TIHIE4aL CYCLIC i- p . 


-t- 1 ' 


— +— 


lAfeE POINT 




l-'-r 




-■ t ---t- 


f - 1 1 


i! 


fmm 


SCI 13 
5VWT 187 


r 13 
T 187 


r-124 















ItRf ilLlEMl -Lit! 







i 


F^ure C-121 

r — f ^ i 


ijiFr--P!wiPui|sivEjFQRaL limIt te^T 

- 1/AO -SflALE JmilW - i- 

dONlROL PmjtR Ti5TI«i 


l£ 6 Qffi> 


Em rtUM) MU' X/QWSfr^CT Vto J<TU|^ 
ra 321 •« *01 I •tag 24b 

r a® .« -m * .CTO 248 


ROT^R PjlOPUtSIVfe FORCE COEFFICIENT 
VERSUS 

LOHGITODtNMi CYCLIC 



BVWr 157 











f MQ«£WT C-Oeff -CWB; 



UintirwuiH ndCLfc 

7 JJMREJ 

■ ^ 

? , 1 

! 


ii 

k i 

7 :1 
.1--J 

%.\ 

i ! 

■ 

/ * 

l\i 

■ I ^ ^ ! 

I i 


Wj 

r ^ 

' A 

- •*-'-! f-' ' 

i 

„i„ J , 


m 


L, „ 

I 

I ■ 

! 

I 

i 

Ui 

JASE 

poikr 


2Q 

87 


r_i n 


1.80 




G MHIERr CQ£ff*. CM 



Figure C-124 


' LEGEND I I : ' ; : 

mm Mi* i/dB2ffl-fcT*/^ Hik- . 

32^ .40 .bl -loa 2^ 

32: .40 .tn i .076 248 


RdT(DR ROLLING MOMENT COEFF ICIElSftP 

versus 

LCrtSGiTUDINMi CYCLIC 


h n ftg 

V ^ 

i 

; I 

I 

* i ^nftft4 - ^ 




-m2 




BASE POINT! A 





Ljlf T“PllWftlllsiyE irORC^ LIMtT TEST 
L. l/ilQ SdALE JlHrM 8DT^ 
qDNTR[^L P[HfeR TiSTlNS 


_F,ijgui:e C.-JL 


LEGEND 


SM RUM' MUi‘ X/m2SB |U-*/^JfIliN 

O 32 ; -40 -D 1 I -log 2^8 

B» 32 . 4 d •&! I -076 248 


ROTOR LONGITUDINAL FORCE COEFFICIENT 
VERSUS 

LORGITUDtNAL CYCLIC 


; BASE POINT- 





Olio 02 'Q □^•0 

I LOHGIiraflNAl CYCLIC 


- degrees 




f — - - ■ 




i ; 


20 

twr IS7 


! ^ i 


iitmimiii 

it I 

[| Sti2 ^Bi tint itm I 

ItUUtlttli 



fQffiE CdO:£ £a/SB 






W ELiP 



AliTiRNAtlNG Root' FLAP BENDING FS12 
VERSUS 

LONGITUDINAL CYCtiC 















Lj[FI-PfHlRlL|SI»E \Jt4l TEST 

1/ko i 

CtJHTHo). PtWiEB TliiTlSS 

I i ^ ....,■■ i ,■■■.,. . .....:. . ■ 1 ■ ■ 




I 


LjtFT-PROPULSm FQKH LMT tE^T 
■ l/4tt SC^E 0»-474 
EpNtfHll PEM^ TCjsTIH^ 


Figure C-131 


\sm . : SUN Hi* juopasB g «Ji 

\m 33 •« *10 'OBBi 2^ 

^ 33 -W .ID .070^ 2^ 


TICPTOR PRpPULiSIVEr FDFKR QOEFP^rCIENT 

VERSUS 

LONGITUDINAL CYCLIC 


EASE BOINT^ 



ORGltUOZ 


1 DBilo 

loLo 

■ ta^a 14^.0 

1C - OECjiUS : 


; 1 . : 




BT 187 


BWr 187 





-pj«m^vE Nid uMt tdr 
ujia sc^E 

CjWTRoi Pafa . TEfertH^ i 


; Q 
■ ^ 


F igu re C -132 

BUH I 4*»> H/XlbsS ^ VS^ V JU^ 

:3 ^ 


33 
33 i 


•10 


>0B8i 
• DTD 


20 


R(5T©R PCWERrCOEFFlClEt^^ 

versus 

iiOtoTUBiNte CVCLie 







MTOR PiiNfiHiNG MOMENT COEFFICIENT 
VER^Ufi 

^ t<mGiTutn:NRt icyclic 





LiFt-piiDPULpivt iratte \Jtdi te^t 

J ulm 1 

CpNiHOt P£WI^ TfjSTlNQ 


Fig ure C -135 


LEEEIID 


JS584--^ BUN ! MU* X/OteSB tT^VSp 


• AQ >■. 
.40 


•OSBi 341 
.070* 341 


RO^OR ILONG 1 TUD|nAL FORCE COEPFICIENT 
VERSUS 

LOUTGITUDTNM. CYCLIC 





^ ^ ^ T- ....FAgiire_.C-l.36. 

LiiFT-PRo^uLism roktl UNt test i 

! UilO ScIaLE Qtr4Zli -BQlciR + iSJM BUM! 44^ X/Qp23B 

cphthcL wifo. T^Tna ; j “ g ;{g |J 


ROT0R SIDE FORCE COEFFICIENT 

Versus 

LONGXTUDTNAt CYCLIC 








LkFt-PtoPuijsivE lfoM:4 Lindi te^t 
1/10 SCAX i)Hr47^ BOIOS 
CONtRCt PIMtfi T^STINQ 


, -C-1J8_ 

legend 

SYM RUM- MU^ VONaSO-tt'/S^ 

Q 33 '4b >10 •0S» 

jy 33 >40 'ilO ^ >070 24IB 


ALTERNATING ROOT TORSION TB12 
VERSUS 

L-ONGITOntNAL CYCLTC 




! - - - V - 

\ 

.J 

44#“ 

1 

taak' ‘ 

* { 

i" r 

if# 

f 


rvi 

io*e 


BASE POINT- 




SET 31 
BVWT IW 


C-146 










f II I. r - - - Piau-rs. £j:pi4.i 

L|[Ft-pMuLj5m jraficd limit idi j ubzMd \ 

1/m.sqALt CWHI74 i sm\ ui} x/oteSB ti ■ /s^ - 

cbNTRDjL fmlER TEjSTINd | ° -SO -JS 

9 > -43 -50 .90 .073 


ROTOR POWER COEFFICIENT 
VERSUS 

LATERAL CYCLIC 




ROrOR P jrCH lI^G HQMEhJr CQEFF CPMB 


Ljn-Pj?Of*ULklVt mZB UMljT ttlST 

i ...I/ID SfVf CH -470 fMTOfi - 

CONIHD^ PDHtR TEjsTINQ 


F^.guj^e -C-llZ 

LEBob ; i I 

IS^ ; RUtii MU] X/flpSSB 
m 33 .Sffl .ps I .d3^ 3lb 


ir A1 


-ps I -038; 31 

-ID -030; 31 

. iin -- . n?^r 

* Ctl • Ijr j; 


Rotoft pitching MCtflENT COEFt’ICIlENT I 
VERSUS 

LATERAL CYCLIC ' 


firtrtr" 

tlUUu 


-i- 1- H 


fin npr 

tpup 


i 


finm 

ijUUa 


BASE Point 



Wr 187 


5VWF 187 





RQTflg ROiLIh/'E j^Qld£JhLr .aiSff, .CfiilB- 


£^ute C-lAi^ 


UFf “PROPULSIVE roRcG LIMIT TE3T 
. l/]m SCjALt I^-r-474 flOT^ - 

cdntrdI PO«kR TE^TINS 


LEGEND 


-RUN. WUi X/QP2SB Et'ySR VTlAf- 

O 39 ' -SO ^ * 098 ' 310 

(y 41 .50 .10 - 090 31D 

^ 43 ^50 -073 340 


» 0 Bfl 6 


ROTOR ROLLISG moment COEFFICIENT 

versos 

LATERAL CYCLIC 


» 08 S 5 ’ 


4 bb+ 


BAfflE POINT- 



- 3.0 , - 4 -D 

LftfER M; cy clic 


-Si-D 

DCIfjdES 




r < 

;n,.Ts,^:.!r.>3 

iSttiiifj.. 


RT IS7 


BVIfF 1S7 



Lj[FT-p|*flPUL^IVE UMliT idt 

i 4 il 

CpHt8D|. PiajER TEjsTlNB | 


^ Figure. 

. i - j |lebd|© . i 

.S5IM i BUMi Wui Jt/aC2SB CTVS^ VTUK 

^ 3S; Tfe .098 3lb 

^ 41’ .Jd *090 3it3 

^ : 42 .si .20 .073 310 


R0T(bR li)NGItUt)lto ^Oicte COEFFICIEMT 

Versos 

tSTERAL CYCLIC 


irtr>A 

4 uC 7 


lUcc 


4930^ 


i h 

tolp 


POINT 



B ASE PtblWTi 



^ 1 


ET 32 
BT 187 






r_l c;? 


scr 33 

5VWr 187 


..... ..JEi: 

LEBEJilD I 

Asm runJ mu‘ 

Q 33 *50 -IJS !• 

IP 'll <30 'lO 'Uau 31V 

^ '13 '^0 ■ , • 07 * 3 ^ 310 “ ■ 


' RGf^R SjDE fO 

VERSOS 

CYCLIC 


LiFt-PkoPUL^lVE i^D8C£t LIMIT tdl 
: i/iasmxxH-474fi^ 
ctoitRol PowfeR TtkTINq 







roRCEj LImJT TE^T 
CDNTRd HwjER TE^TJNQ 




kceeuD 


4sw4-«N^h-+1U-!- 

G ! 39 : ' 51 ' 

I ^li 'Si 






/SLrv.RQOr rORSIQhJ rB12 - IJ_.Lfi. 


E iaur A - -C-1A2- 


LiFT-ptoPUL^ivE Force! umit Tdi 
1/10 sckc CH- 47 ^.RDTdR 
CONTROL POitR TEJBTINa 


I LE 6 EJHD 

.isKid ' RUM MU? X/OOaSB CTVS^ V-TUH 
its 33 . '50 -dS 'D 3 S 310 




h 1+-0 




ALTJERNATING ROOT TORSION TB12 
VER$US 

lATERSL CYCtiC 


'D 

- 3;'0 

- 3 ..D 



LATERftL CtCLlC 


'BASE ioiNir 


wr is7 


BVnT i»7 







Fs 7 in " JOT 33 ifO J lAISlTidOSd' SO] OS 


LtFT-PRDPUL^Vt fmci UMIT tE^'f 

!_ .. l/M 

control PlWteR TEjSTlNG 


Figure.C-X4 

LEEENP 

MIL Mil X/OtCSB tIV.5fe„«il|L_ 

33: '50 «pS : .Q7B 31p 

41 -SO 'ID I *069 310 

42 -SO .00 .053 310 


ROTOi^ PROPULSIVE FORCE CDEFFICIE^JT 
VERSUS 

LATERAL CYCLIC 


BASE POINT 



LATCR^L CTfCLIC 



NT 157 


BVir 157 





■ 

LiFi-pfeortjL^m haftcd LIMIT id 

a.- J 

1 

l^-jlO-SC^CMTB ROTdR 
CONTfid PIWtR Ti^TINB 

i 1 i ■ ■ 

j 




Figure C-lSO 


LEECND 


.is;yk i 

fm 

wut 

X/0P2SS 

4T^VS$ 

' □ 

39 

•sd 

'OS 

.D7Bi 

■ IF 

41 

.SB 

'id 

•0S9 


42 

'50 

rHB 

.BSB 


IKDTQR PdWfiR 

VERSUS 

LA-muyC. CYCilG 


Ifttfr 


BASE POIliT 



LArEAAL CYCLIC 


LATEBit J30JE 


j 1 — * 


scr Z3 
pvwr i>7 











MrQfi-SQLUNii. 


-G-fi-S-S-i- - --'i 

LE^E^D I 

Sm RLH. MI* X/DpaSB LT‘/S^ VTUK 4 ^ 

O 33i Tfe .078: 31P 

iU' 41! .SO -%0 . 063 31P 

-U> 44?; -SO .20 .flS3; 310 ^ 4 


ROTOR ROLLING liOMEtlT COEFFICIENT 
VERSUS 

LfiTERftL CtrctIC 



LtFT-PROftULklVE: bofeEj uWlT idl f 
L i/m -.1 

control PiWER T^STlNe } 

! ' " i i I' """ '! 




ET 23 
WT 1S7 


C-161 



I 


L^FT-plfflhJl^lVE LlMjT lE^T 

l/iULSCilSLE: 

CdHTBli TESTING I 


LEBcilD 


F igu re C -154 


4 SSM i am .Mlt -X/41D2Sa- CTUSft VJ1I4 

a i 33 ' .si) .qs • >Q7m 3 $ 

.SD .ID .D63f 3$ 

^ 43 .SO -80 : .053 340 


ROTOR LONG I TUDiHAJ. FORCE COEFFICIENT 

Ve rsos 

JATErAL fcrCLTC 


* 030 - 


^Hi 4 ^ ■ 



BASE FOINt 




■f -•. t 


BisE POINt 


--■* 4- 


VI r ts 7 


iMmii ctcLic 








analHHrianiitoiMfflmiM* 


pvmr 1 S 7 





RO raR SIDE FORCE COE FF CV/ SB 


Figure., 5 - 


LtFT-Pj?Of»UlilVe FOBtlj LjM3 
, 1 /jia 

CONlfiDL WMbi TESTINE 


iSYU 

JtlM 

MUi JS/nC 2 ^ 


n\i 

69 

39 1 

.50 .05 

i .078 

31 

i tP' 

m. 

.50 .io 

i .063 

31 



43 

.50 .«& 

.OSSi 

34 


ROT(|)R SjDl! FORCi COEFFICIENIT 

VERsys 

LAfiRAE Cyclic 


LAtEfiftL CYCLIC - PE5RE1ES 




RT 157 


C -163 


5VWT l?7 









4Li!.8aflr_rflfi£iiw„iai2_r 



U 23 
m 1S7 


C-165 










LiFT-PRDPULfem Iroiteli L»dT TE^T I 

Uttfl SckLE 

cbtHli PCWilR TdSTlHS 

i I I Mi ,il |M. i mi Iilii.iii I ■ 


Fiqu r e C - 1 60 

f . ■ ^ Ilegeho 

s«d ajH Mui ji/tioasa ai/sftJiiuN 

O 39 . 50 . 05 .Q9B! 31p 

r 39 . 50 * 05 .OTB^ 3$ 


ROTOR POWER COEFFICIENT 
VERSUS 

LATERAL CYCLIC 






iROTCDR PITCH i NO MOMENT COEFFICIENT 
VERSUP 

' LATERAL CYCLIC 


I 



,* J_. 


RA&StPOINT 









ROrDR RQLLI^JG HQMEWr CQEFF CRM8 


LiFT-pjiOPUmVE i^iwcd LiMljT TEST 

' . t/k sd«.£ CH“- 474 ®IT£js 

CbNlROl PDWfeR TE5TINB 


I .; . ! ’ jufetilD 

■ | mMi J41» X/QB2 

|0 ! 39 *a& 'PS 

■ 39! -all '05 


Figure .C_-le2. 

I tT'.ysa viiii . 

§ 98 31p 

7P 31& 


ROTOR ROLLING MOMENT COEFFICIENT 
VERSUS 

LATERAL CYCLIC 


Mfinnfi 


^dniic. 


>rtnfi4 


* t|UUC7 


;bas$ point 



-D -1-D 

-3.D 

-3»D -^I'D * -S^D -6i*D -71'D -BvD | 


t 

LfttERftU CYCLIC - pWR^ _x 

i = ' • : ; I 

! f ; ^ i ! . ' ' i 

1 i 

! ' 


■ . ■ ^ i ; 

! . ^ . ; : : ^ ’ 1 ; ^ ^ 






Htii 

1 Uiil f£H§ S 



wr 187 


r.i7n 


BVHr 187 





gS/WD' ji3D3‘ 33ilD7 IVNTanJTONOl MOJ OS 


LtFT-P(iaPULklVE I^DRCR LIMliT TE^T 

i4q sckE-ito J 

CONTROL POwb TE5TIN8 


Figure C-1 63 

r iLEEDitP 

iSTM.: SIM; MLU X/QMSB VllM -- 

iO 39 .5lS 76s .098! 310 

I O' 39 ; .SQ .05 -07^ 310 


ROT(i)R LONGl^DliiAL PORCk COfePPICIENT 

Versus 

^ lateral Cyclic 




4030^1 




BASE POINT 


cm emit 


Sr 187 


Bvnr 187 











^feRNATIN^ ROOT FI.AP BENDJNG rBl2 
VERSUS 

LATERAL CYCLIC 


BASE POINT' 











C-175 










lift-prof*ulM£ WcEj limjIt test 

’ l/]lQ 

CbNtRDL l*^wiER TlisTIK^ 


Figure C-169 

\ ■ I ■ ;LeBE^ 

JfSxid_J aMi JAif x/Qi?aSB CTv^ Vila 
la i .si) .ao .030 3ip 

Ir ^ ^ .Sp .ao -063 31D 


ROTOR POWER! COEFFICIENT 
VEjlSUS. 

LATERAt CYCLIC 


El as 

l»T 187 


'n;i 






as 

BVir 187 


C-177 






gQrQR_,PI[[:iaMG-ipOX^ 


L|[Ft-pt«JfHiLbm N»Elj ld-oIt test 
i i/io s 4 y.t £H- 47 i aoicifi.. 
CtJNTflfi f»C»^ TEjsTINS 


Figur e C- 1 70 

I . i - : iLEBflb : ^ I . i 

istti 1 SUlti -Mil Ji/QteSB tI */5S- VTUN — 
:ta ^1' <5d -ID -030; 31D 

v n -so -10 -063 3lU 


ROTOR PITCHING MOMENT COEFFICIENT 
VERSUS 

LATERAL CYCLIC 


■f "1 


■itniy; 


i : i 

i I 


»fiinfy4 


BASE POINT 


LAtEllAL! CYCLIC - dUftHtS 


SB»! 

.ae:maw::r; ! 

. 

— i:s »ssiB siRiRK ::RtRK: amiiwl 


BVKT 187 



Rarji&jnLiiNiiiiqdDii-.,i^ 








LIFT-pi?0PUL5IV£ N?Ee! iMl I£3T | 

! 

j ; 

J 4 



CpNtRDL PQNib TdSTiNB ! i 

r Q 

i 

1 IF 

i 


^ FigiJre.. C-172 

!L£6EMD 

mW: ML* X/U02SB tT'ZSB VJUH - 

41. *50 ^0 *090 31D 

41 -SO .10 .069 310 




♦024 + 


ROfOR LONGITUDINAL FORCE COEFPICIElJT 
VERSUS 

lateral cyclic 


35 

187 



5V4T 157 


C-180 




fiaiQi- SIA£., 



U 2S 

ir IB7 


r-iRi 


BVWT 187 




ALr- MQI fiii- - 


_F i£U re. C - 1 7 4 


LkFT-PkofHlLbm i^ORCEl LWlT TE^T 
1/^0 SCALE CH-47fl HUTdR 
CdNtHDL POitfi TEjsTlNS 


LEEEiiO 




iSm HUS' MU J 1 /QP 2 S 0 Cl'/sp VTUS 

la 41 -SO «1D *090! 310 

41 .Sfl .40 '0G9 310 


flifEi^ATING ROdT FW BEOT)tNG Hl2: 
VERSUS 

LATERAL CYCLIC 






BASE POIIW 



r IB7 



i iWiHWI tillf 

W\i 3 ^iHi 



BVItT 137 








5ck£ 

CONTRot POltfi TI^tM 


,Li 

: MJtll M 

0 ^2 -a 


Figure C-175 


esB_tiii3 viijfc 

la ; *073' 31t 


ROt4r l|fT 

: vEtos 

t lATERRli CYCLIC ' 


1 — 


1 

-i r-f- 










C-183 



LIFT 


riKCE uMT 

1/jQ. 

CDNTRi PlWteR TiSTlSI 


-4 - 




Figure C-176 

, LEBEio 

iSTM 8UN-1 MliJl'QteSB.tT-'/jai Jjm . 

lo 4? .Sfi ^2 .0731 3l| 

p 42; .0531 310 



ioTOTi P Ri)PUL5 1 VeI F 0 RCE CpEFFl C I eInT 



VERSU$ 

r^rrERAL cyclic 




BA^ P^IHT i ' 


rLA 




RiimEI f QW^_ CJ 3 £f Ficn^ 


LjrFT-pjwJPULfelVE FQ«C^ limit TE^T 
1/4Q SCKlE CH-17ii ROTPR . 

conirdL pcwIer T^TINS 


Figure C-177 


! ! ILEBEJUD 

IsiM RUH: >U‘ X/afe2SBj:Tl^ JLTuk 
ia 42 ‘311 .073 31D 

iB' 42 -SO •G2 ' 059 310 




4aafr+ J 


ROT(t)R power; COEFFICIENT' 
VERSUS, 

LAtElOit. CYCLIC 


gME"POiNT 



9^HB!9HHSflMESEHiB3QiHBQHID! 






ft t«««i 

«ni«4 

ismt 


!*S1« 






85 


Bvirr 157 






Figure C-178 


LlFI-PboPULSm ^ORCE UMjT TE§T 
ukQjaisLiJ^^ 
ciMtfiQf. raMER TEjSTlNG 


LEEERD 


Ism SIM 

! O 42 

1 B” 4^ 


iM Jdui Jt/iJC2sa Jdt vsR lUM- 

42 ^ '373 m 

.sp .03 '0^ 310 


_i i..- 


RO'I'OR iPiTCpIlSJGi MOMENT COEFFICIENT 
VERSiiJS 

! CYCLjtC 


3.D i ,-^0 ; -Sj.0 


wr 187 


r_ 1 ftfi 


BVir 187 





l|[ft-pI?opul 

5IYE 

FDRcd UIWljT TE^T,,... 

L^iatLSC 

yjE^ 

4-4zaMidg_._.4---4 

ClDNIRO 

^ m 

b T^TINS ! , 

1 1 T i Ill ,.u— i 


- 1 

\ 

mmI 

'jo 

j 421 

' 

42 


LfigClUD 



Figure C-179 


CTysB VTUH 
.073 310 

.059 310 


; g(5tOF iOlXtSG MOMENT 'CDErPtCIENT 
V^RSU^ 

-- - i — EiASERAIr “G¥€IrIC 


.ftrjne 


-flnriK 


I ^ 


finn*a 


h 


BhSt POtNT-f 




-3 

^0 

^-4 

lATCRALI 

CTfCL 


T 137 


C-187 


BV1NT 1S7 





C-188 






■ 

LiFT'-PkOPULSlVE I^Olkd LIM^ 

T TE^T ! 

1 

i/|a 5j:kLik-47i 
CtJNlRDL PDi|ER TE^TISG 

s --4-- ! 

I... 


__ 

T”: ■ iLEGEND 

jfflfM runj idii x/ai?2SBjn‘y!Sfcj/jjM . 

la 42 -5D .03 : -073i 31 b 

Ir 43 .SO .03 . 053 310 


nOTOR SIJdE PpRCEi COEFFICIENT 

v|:rou^ 

LllTETaar CYCLTC 


BASE ROInIt. 


LArERAL; CYCLIC - DEGREES 




5i.-i .MiiitR:. 


, .. ,;agKiaa8 s:::f^ ' in 

, asitnsi! siattnRl 


BVWr 1S7 




Figure C-182 


LiFT"Pkof*UL^ivE kakcl UMir te^t 

i/M 5ckj:_jih^ i- 

C0NTROL PCNtR TljSTINa 


LEGEMD 


S»<l RUN 1 JAJi JJZDC2SB tT V/SB VTi|4 
a 42: -02 '073 31P 

r 42i .3D '02 ' 053 31)D 


; BENdIiNG FB12 

' VERSUS 

I EATEWSt CYCttEC 







LjrFT-pkOPUlblVE teEj llMIjT lE^T 

j .ma scjMi: cH-47it fiaiOf? 

; cjlNtROj. TEjsT^ | 


C-183 


I 

xSm J IIUN Mi! X/062£1B Wiil 


o 

B- 


A2 

A2 


• tia ‘ -073 31P 

'fo ‘ «dsa 310 


'^^EftN^TlN^ 'RO^ Tt>RSION TBl 2 
VERSUS ’ 

- LATERAL CYCLIC 

















LiFT-PtortJLjsi’R: irafid ljMt Ttai 
i/m sc^t aiiTEtg 
cimtRQt (HMlER TEjsTlNq 


F igu re C- 18 8 

LEGEND 

S3ft4 BUN MU^ VQP2SB CT-'i^JfJUN.-.. 
a 39 -sk ^5 ; -DM; 3ib 

^ 41 .50 .40 . 030 ' 310 


ROTOR ROLLING MOMENT COEFFICIENT 
VfeRSU$ 

LONGlTUfilNAL CYCLIC 







ET 37 
WT 137 


C-197 




I 


LtFT-pRopuLbm Iratefi iji4r rdi 

i/m 

CDNTRci tdSTlN^ 


iSlfM BU«J 
O 39 : 

p' m 


Figure C-190 

I F1BFMO 

. MUl XZDdESB tl VSe 
• SC Vds ! .098 3ip 

.50 .10 : .090 im 


R0TOR SIDE FORCE COEPFICIpNl’ 

veEsus 

LONGITUDINAL CYCLIC 


; n4 n 

f ilXTJ 


L nfifl 

f UUD 


L fifie 
►Ouu 



i 

: ! 

! ^ 

i ]- 


.■ImiM.Mj.M 

»0 03' 0 04 '0 Ofii^D 

D^'D X 


1 ^.D I 4 .fl 

LDHGITUDIHiftL CTtLlC - 

i 1 - • ' 

■> . . , - „ 1 , 

DEGREES^ 

^ 

; ' i 

y “ j — ~ 1 

- ; ! i 

1 1 1 

^ ■ 1 

. i . i i ; i 

, i 

i „ . . 

i 

: 1 
} 

• • . 1 

i : ’ ! 

1 ' ' T " : * 1 

: 1 L . j 

i ; ■ , 1 

fc,, + k_. .... 

' ■ ! 

; • i 



' ' : * 

: ■ ' : ! 

• ■ - 

. ... ..■„ . 


' 1 _ ‘ ; 

i ^ ^ ^ -.--j - 



i\: 



BVIT 187 




I 


LjtFt-rtfD^IVE iFORCfl LJftdT TE^T 

4- - l/Jl£L sjiLE SOlffl L 

CbKtRCL T^TlNQ 


' LEBdiD 

iSJkil fflJH! MU* X/0p2SBXIt 

: O 39' -Sd 05 4 

«?■ m *50 «1D *0 


Figure C-191 



ft n n 

jftr'to 


JSLUERNATING Ro4t flap BElUDtNG t^tr: 
VERSUS 

LONGITUDINAL CYCLIC 


kt\ ,n 
*'U 


i , I 

BASE POINT tI 


DNEHUDIRftl C7CLK 





m 


27 

BVV*T 187 



C-199 












LkFT-PI»i3f%Lfelk Ifo^c^ 

L 1/jm sdi!U^ 

CbHtRDL POlb TEteTiNfi 


Figure C-194 

^ ,i : 

. sai I flUH] - Mii Jt/ntesB ti */s^ Him 

Q I 39 -sc ^ -078 m 

' tr' 41 'w 'iO >069 31D 

4.^ 4 43 ^ .§0 .059 31B 


ROTOR propulsive FORCE COEFFICIENT 
VERSUS 

LONG^ITUOIWAL CYCLIC 


i 1 


BASE POINT 



CYtUC h ffE«E£5 




liliMiiliilllilil 



Hit 187 


BVir 187 


LlFT- PMuLkl^ IfQIKEI LBidT 

l/Jia^CwLE-Ar 4 zi ^ 1 

cbNtRoL POItR TfjsTlNe | 


Figure C-195 

^ J_ J . . 1 r 

I LEGdiO 

iS 3 M-’ ^ )Uap 2 SB cxusp * 5 ^ 

• O ; ^ *50 -05 i 'dy[ 31 p 

ip- ' «i .ffl « 1 D - 06 tf 31 D 

- 4 ? ’ 3 D 34 B 


ROT<^R'POWteRi COeItICIENT 
VE^tiS; 

liCf]!lGIT0DXRi!I. CYCLI^^^ 




tftSEri POlfJT^ 



oH&ituoinBL cmic 


imi 


u 

23 

5 VWT 187 


187 





LkFt“P|?0PLlLj5lVt Welt LJMt l£il 
: 1 /jm a^.ciH- 47 ^^^ 

epHtmi piwki? 


.iSm - AJH 

\m n 

t ^ : 41 

^ 43 


Figure C-196 

imifD 

jMuL Jt/o^ tT^/^ 

•sb 'OS 'd7a 3|i 

. ffl .10 'Oes laft 

.to -059' 3®-- 


liOTO^i POlkER COEFFICIENT 
‘ _ VER$U$ 

LOWlTU^INAi CYCLIC 


1 fi* i [n 
f MOT 


I Him 
fijctr 


BASE POINT 


WM CTCLK 


3ai «••»•«»•» I 


iir 


S5k..*-;5;|BW|| 




■^rni 


9iiiit!| 


llffliifitiiifllil 


187 


BVWr 187 





IVE ^rOftCE LiM<T TEit 
krm TESTING 


I . i . ;uGciio 

-IstM.i -ajtij Mi‘ 

! o sal '|b 

1 ^ 4i! •a 

42 — so 



F i gu re j: - 197 




•063 300 

•13SB 340 


ROTOR PITCHING MOMENT COEFFICIENT 
VERStrS 

LONGITUDIINAL’ CYCLIC 



ftft&E POXNtr- 


□?>D 04>I1 BK*0 0Bi*Q 

tBiIBnttOIlliWL OtLiC “ ttOREES 




1^D\ I4r0 


--04 >iffi 'Ot ’is , J 



liDNBiiiRn^ -V- 

r * : 



’ ■ ■ ■ i ■ i - 1 ■ •; ■ ]- i- i - ' i 

•f +■ - - ■ ■ - ■ 

ET 38 

»T t87 r_9nt; 

I 

I ! 

i ! - 

■ . t 

SET 38 
SVWT 187 






3M BQJtW i 


-teUL|siVE IfQ«CE| LlldT tdiT 
i^kp SOLE j^a7l BpitifL - 
cbNtnqL PtniEH 


Figure C-199 

, [ ^ I ^ [lebeno 

.. js«i- a«' juoteSB .to/sje t-ata 
jo m .sd ^05 m 

I 6* 41 • Sp '-lO ^ 31p 

^ 43; -fip 'SO •SSS' 31& 


HOTOJI LONGITUDINAL FORCSi COErFlGlENT 
versus 

LONGiTeDlHAt eY€Lie 





iStFT-Pllffl'UljsaV 'FEW limit TEST 
i/|iD tdM r 

cbriTi^^ P0«b T^nHB 


I!l2y£§ — ^ - - 

iUBEHO 

T ■» ‘ 

I ^ M ^ 


ROTOR SIDE FORCE COEFFICIENT 
VERSUS 

LONGITUDltJAL CYCLIC 




SET 29 
BVIT i*T 


CT 25 

»T 157 


4 - 


C-208 




iFiiCEi LIMIT TEST 
i/iui sdiiXik-474 Jfflim 
CdNTRlt P 0 i|ER T^TIHI^ 


-y-- — r 


F igur e C-2_Q.j: 


LtGEto 


isaiJ -Oii -J411 X/002SB tTusk^nriL 
la ! 39 «si) *05 ' 0 ^ ® 

I 'Sp *10 *0^ 3l| 


ftC^T Ft*AP BEN^^ FBI 2 
i/ERSbs 

- tONGtTUDlNAL CYCLIC 








pill'll 


- - 4 - 



C.I CE? 

WT 1B7 






Bvwr 187 




F i gur^ ® ^ - 


LtFt-PiWJPULklVt FORCE LlMlT TtST 

; i./iD sc^ cH-^a.®n0fi 

CONIHOIl PDII^ TtisTIN^ : 


n ”[ ixEdio 

:l 


.071 3W 
.009' 31P 


ALTEi^ATING ROOT TORSION TB12 

vEi^sus; 

t^t^GIftrotNftX CYCLIC 



ET 28 
if t87 


C-210 




BOJM PBtWIve FflKE ,OEfe 



pfttjmsivt ^■[wce te^ 

/HD sq^f cjH-kii -gtmiR 

cbtsi PinlEfi i 4 sw j 


_ _ Figu re C-2Q4 

”1” L£6dlP 

.Asm^: $m mu| juapasB li^ 

^ i 33; *50 *05 : *03i 3|D 

! r ; 33^ *50 * 05 * 078 m 


ROTOR PR^PUL^iVE; FORCE OOEFPICIBNT 
: ; ^ ‘ VfcRSUiS 

LONGTirUDllsrAL CYCLIC : ~ 


I 


BASE jiOIilff-spri 




BVWr 187 








LaFF-miPiJi^smlFatt^ uwn test 
J lAn 

t^tfifl nnks TtST^ 


F igure C-2Q7 

j. i T~- '[lSSp : 

I a 39i ^ *DS ^ 

' er 33i *D5 *07fl 310 


R^TOR ROLIilNG 

VERSUS 

tt313GITUl>twAL, CYCtlC 


v'pOOS 


Krtrtr 




^UUuX 


-0003 


fiASEi P©IKT 



0 O0>O fl1<0 oO*0 CUi*{I 
iOHGitupiM^^^n^ 


:"' -I" — r 


' . ‘ I lI Ihu J! i!| 




m 187 


BVWT 187 


Rorofl LQM(^nJDIiiiAL IQKC£ 




iEF 2S 
nr 187 


c-2^e 


BVWr 187 












30 




jmro8 iHHmsiyc roiCG cqe^ lms &- 



Fic[ure, C- 213 

Ub^ 

- 4«b jMte 
.5d ^0 ‘09d m 

>m *063 aid 



R(5T®R PROPutslVE FORCE COEFFICIENT 
^ VEl^tJS 
iONetTODtMAL CYCtlC 




-L -B7 ' 


■ j »06^ 




-04 


-00^ 









ROTOR POWER C#flCJEMf qP/SB 



ET 33 
WT 157 


3VWT 1B7 



LjlFT-P|?OPULjny£ |T 0 I^ LIMIT TE^T 

J_. 

cbNtRci POijEfl tEjSllNti 


I ! I . |LEBdlD 

[saM -,-auKL- Mui- 
!□ ! +ii vg 


^gja Jr J 


. |LU»Miy 

ukL Mui-Jii'nto 

^li va Tio .030 32 

41' *a •« 'UM- 3lt 


ROTOR PiTGH±N(S rtOME^^ COEFFtCIENT 
VERSUS 

Lt>N GI TUD IN At G YCtlC 




1 1 — 

! 4 4 - 



>0 


! ' ' t 1 T ^ ^ T 

D 4 i <0 OEi'O aBr^O 10^0 

l^O\ i 14 ^B 

1 


LONGirupiHKL CttLIC - p£i^CS 

1 ^ ' : i 

: Vi ■ : 

' 

; i ' ' ' 

i : _ 1 . . . . _ ‘ 

’ ^ 



‘ 4 I i ' 



1 i . i , -L_ - . -1. ■■:_] - -i - i- ■ ■ . . * 1 i ■ ■ ■ - 

i 

' L ' 

; : i i ■ 

: 1 ' ! 


l»r 187 


SVHr IB7 


BQULM MIIfEjMr CQg^ 


I 



pwiimjsi^ rtW lMi TEST 

zimLSicM Jkdiz^ ittinjfl . 

ckm-moL Hea 


Figure C-216 

. M 

. SM^l.9m\ 4«4 VOi225B tV/m ^-aJK .-. 
1 a ; 4V ^ '10 *030 3ijD 

I r : 41 'iO *063 aiP 


rim 


, i itirtg 


vim 


l?|5T0Rj llDLtlWliGMEHT COEFFICIENT 
I tTEtestrs 

tiON G ^ FU BfeNftEr eYClI C 


V H'lrifC 


bKsE FOINfr- 


UmsinjOlHKL CYCLIC - POaEES 






»T 187 


r-O'JA 


BVir 187 




LSIm f upivi^j f 




lOTOit FORCE COEiPFICIENT 

i VERSUS 










MiTEimAf KOOff 

VpRSUB 

LfeNGITODitfAt eyefcfC 







MOTDIi LIFT CpEPFilCIEHT 


VERSUS 

L€)NOTTUi>Ii3AL CYCLIC 












Figure C-223 



ROf 0^ MfcjMiNT COEFFICIENT 

VERSUS 

CYCLTC 



































pnmg Ppn PULsryE /ag££;,cngFF c i zsa 


i 


Figure C-230 


UlFT-PiROFUl^SlVElFokci itwiT TE$T 
; 1/ilQ S4 aLE 4Hr47^ SaTOS 
doNTRdL PIBtER lisTlHlS 


legeHd 


auti WJIV X/XtMSft iCT’/-*^ VW- 

50 : -53 .DS -103 339 

SO' ‘Sis .05 . 079 339 


td£PpICl|ElJT 

VERSUS 

LftT&RftL CYCtilC 


ET 32 
ir 137 


gvwr iS7 





ROTOR POWER CQEFFJCIEMT CP/SB 


Lj[FT-pi?opuLpiV£: 

i 1 /ilO 5 C^ 

CdNTRDl. PCwiER TfjSTINB 


Figure C-231 

j - r— - -T (—2 r I 

! :lebeiiid : ,j | I 

'Sftl SIM MLL? X/oiaSB tT i^S0 _ . . 

:a so .53 .05 i.ioai 33 

i IT so .53 . 05 . 079' 33 


ROTOfe POWER COEFFICIENT 
VESStJS 

• LATERAL CYCLIC 



BiASE POINT 











- t-M 








BVifir 1S7 










gOfilfi 4 !IiXH^JiPM£Mi;- C Q FFf TP^ a 


UlFT-p!RDPUl|siVE!FQRd LlMtT T£^T 
I/IO SnALE 4 H:-A 7 i M 
CQNTRdL PO^ TESTINli 


Figure 232 

] ^ i • \[XB^ 

i C3 sol -S3 ^ *109 3J9 

i r ' SOi *53 *05 *073 339 


^0006 


ROTOR PITCHING MpMpNir CC^FFICIENT 

: vgii^irs : ' ■ 

LATERAL CYCtiC 


4 ase POINT- 





«1 


SSIT'- _ 

3 IHiiii I 




BVWr 187 




ijlFT-ltoUljsiVE'FDRd uMt TE:$T 
+ - lijlO St^ALE iR-ftzj- R DT l^- ' . 
qOMTRijL POWER TisTINd 


i : I I LEBEf© 

i g^ I -RUHj - 

1 CS i 50! 

i tr T sol - 5 $ 


Fi gure C -2 33 


i >ioa 3|9 

^ -073 333 


ioTDjR ROLLraC HCSJIENT^ “COEFFICtTEN^ 
VERSUS 

' lATfeRMr G¥GtiC 


r^eee 


-^ 065 ^ 


-hfifiA 

*UUU^ 




f B4^ RQINt Pv 


~i^ i 




1 

IFT-f<R0^Ul 

l/lDSt 

CONTRC 

SI^ElFCjRct UMIT XB 

AL£-itH-4zi aout®-..- 

IL PDvjcR TCSTIftf 

I 


i o 5 d: 

' 50 


Fi^U]^ C~:234 

LC6E^ 

Wji' )Utt)3Se CT '/^ W4JK -V 
-05 -log 3|8 

*53 .05 .075 339 



ROTOR LpNGlIrUDltiAL rORCS: COjEFFICIENT 
VERSPS 

LATERAL CYCLIC 


•024 













-£HOWi 


Lilft-IWUljsiyElFOflci L^T TEiT [ 
- -J- . UID s4aL£ CH--47g HO.TliR 1 
dONTROL PmteR 


S^M : SUM: 
0 50 

r 50 


LEGEND i 

KW' )UO)W5S8 tI VM VTUN 
• 5^ -DS >103 339 

•53 -D5 .079 339 


; ALTERNATING ROOT CHORD BENDING CB12 

VERSUS 

^ - LATERAL CYCLIC 

90*0 ♦ t ■ 







ol 


i 


r ^ 


32 
wr 197 


0/1 c 


5VWr 137 



LilFT-pW>Ul|sikjF[lfi[:t LlMiT TE$T 
1/10 SqAL£-4H-A74 RD T !^ --- - 
OONTR^L POS^ 


Figure C-2 38 


legend 


■ ! g <M w m )M3t)es&-ci */$a viUti 
I Q so -S3 -D5 ^ -loa 339 

i tr 50: -G3 -05 -079 339 


'ALTERNAtlNG ROOT TORSION TB12 
VeRsvs 

lATEto CYCLIC 


IR'th 



-BASE POINT 


mun 




iiissi 




litt; 


mmn 


lifiiiiil 


M 




wr 137 


BVWr 1S7 











I 


__ _ Figu r e C -240 

: LEBEIIP i i ' i 

ism -am w 

o 50 ' ^ r*M • 

r SO- *sg .ps : 


Liff-liRflMsiVE !foM TE^T 

i/IlD KALE i- 

doiitmi poikR 


ROTOR PROPUIi$lVE FORCE COEFFICIENT 

VERSUS 

LOHGIttrt>IKAL CYCLIC T 


t 1 - 


BABE^ 




ir 187 


BVWr 187 






SET 33 
SVWT 187 


ET 33 
iWT 187 


C-249 











L^FT-PRQf*ULSm NScC LMT TE^T 
i ui o s c kc j^4 7i | twn q R 

CtMtffii ms TQSTil^ 


FigiJi;fi- XL-^4.1. 


\jmt> i 

isilii ««l J4»i 

B 5D >si hs *103' 3i 

^ SD -05 .Q7S 


a. 

i^mpp ^ 


•lIutiD "T 




OCi 

§ 


•9092 y 


I 

• 9 <Hii y 




O&O 


— ripuirx 


ROTOR ROLLING MOMENT COEFFICIENT 

I ! 

, '■ "j 1 

! *f 

1 . I 

VERSUS 

I 

t i 

; ! 

i ■ 
1 

--i 1 

i . J 

LONGITl?DINAL CYCLIC 

• - : - ■ i - ; 

; 

i 

i, .. 

, .. .; ; • ■ ; . ■ -! ^ 1 

: 

t 

1 : 

i... — ! 

1 i 

! • ' ; ; j ■ ‘ ^ . i i i 

---4“— 

i 

j 


e ' ; ’ i i ► ' ! 

: : : : ■ ; ^ _ .i . . j : ... ^ _j 

i ' i 

i ' 1 

i. j^. i 

! ] t ■ ’ [ t , j 

;■ ■ r 

1 : I ^ 

\ _L_j 

: : ■ i . ; . ; ^ ' i 

i j ; 1 ‘ : . i 

T": 

i i 

i 1 • i 

; i 

j ! 

! : ■ ' - . ■ ' • : ■ ^ ■ 

; I 

[ : 

i' ! ' 1 
1 ‘ i , i 


BUSB POINT 


j 

J 


i 

J 

1 1 ; 

■ ; . i 

; i 

} 

i 

\ ^ 

J 

! ' ■ ' " i 

! i 


4i 


4 - 


D^i-O • [Mi-0 06*0 

_u . .-iWGilryo?«N. ntuc - Kiiecs 




ET 33 
WT 187 


SET 33 
BVWr 187 


C-25!. 






F i 2 4 6 


-PROPULjSrte |Fd(iC4 LIMIT TEST 

dWTIKjL i^ftb 


iUMVU 


i 0 SO 

r ' so 



I ; ^ ; I ; ^ _; 

‘ftliTlRNA^lNG i RC^T FL^ B^NDI^G F^12 
; ' ! v$RSui ; 

r LCSHGITUDINKL t^CLtc i 


t-Uii 


ET 

33 


BVWT 1B7 

IT 

1B7 

p_ 9 c;a 













D. Performance Summary 


Performance data obtained during the definition of the lift limit 
is shown in Appendix A at individual advance ratio for a variation 
of propulsive force or for a limited range of advance ratios for one 
propulsive force level. This section presents a summary of rotor 
performance, the rotor and control positions required and the 
alternating blade root torsion load produced. This data is 
presented for one level of propulsive force coefficient, X/qd^a= 0.05, 
at the basic tip speed of 620 ft/sec and the reduced tip speed of 
570 ft/sec. During the testing two distinct levels of performance 
were observed; one without stall at the retreating tip and the other 
with stall present throughout the sweep in lift coefficient. Both 
sets of performance are included to delineate the two levels of 
performance and specify which runs are in each category. 

The test data obtained for each of these test runs of Appendix A 
have been combined to show the effect of advance ratio only. The 
combinations, identified as plot sets are defined in Table D-1 
and are marked on the bottom of each sheet. Within each plot set 
are a series of graphs presenting the variation of the major 
components of measured data with rotor lift coefficient. The 
sequence of these graphs are as follows: 

Rotor Lift Coefficient versus Shaft 2^gle of Attack 

Rotor Lift Coefficient versus Collective Pitch 

Rotor Lift Coefficient versus Longitudinal Cyclic 

Rotor Lift Coefficient versus Lateral Cyclic 

Rotor Lift coefficient versus Rotor Power Coefficient 

Rotor Lift Coefficient versus Alternating Root Torsion TB12 
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E. Effect of Torsional Stiffness 


At the end of the first portion of the test program, a model con- 
trol system problem caused the destruction of a set of standard 
blades. A set of rotor blades that were geometrically the same 
but with a reduced torsional stiffness were selected for interim 
testing. These soft GJ blades had a torsional stiffness that was 
reduced by 45 percent of the standard blades. After installing 
these blades on the model, a run was conducted to determine the 
frequency spectrum, shown in Figure E-1, at an advance ratio of 
0.30 and a rotor lift coefficient of 0.06. Following this run, 
a forward flight run was made at an advance ratio of 0.57 to 
determine the lift limit. This data obtained is presented in 
Figures E-2 through E-17. A second forward flight run was attempted 
but a severe model problem was encountered which finished Part 1 of 
the test program. 
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